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I.  Lunar  Program 

At  03:12  EST  on  November  18.  1961,  Ranger  ll  was  launched  from  Cape 
Canaveral  into  a  low  Earth  orbit.  The  spacecraft  re-entered  the  atmosphere  that 
same  night.  As  in  the  case  of  Ranger  I,  scientific  results  of  the  flight  were  slight, 
but  spacecraft  engineering  data  again  showed  that  the  spacecraft  survived  the 
launch  environment  and  performed  all  of  its  programmed  functions  in  orbit. 

The  Ranger  RA-3  spacecraft  and  launch  vehicle  are  at  Air  Force  Missile  Test 
Center  (AFMTC)  being  prepared  for  the  first  Ranger  lunar  miMion  attempt. 


II.  Planetary -Interplanetary  Program 

Procurement  and  fabrication  of  Mariner  R  assemblies  have  been  largely  com¬ 
pleted.  Assembly  of  the  first  spacecraft  is  sdieduled  to  begin  in  early  January  1962. 
Preliminary  design  of  Mariner  B  is  proceeding  as  planned. 


III.  Deep  Space  Instrumentation  Facility 

Telemetry  data  from  the  nonstandard  Ranger  II  trajectory  was  obtained  by 
the  Mobile  Tracking  Station  on  2  passes. 

To  aid  in  the  design  of  the  Advanced  Antenna  System  (AAS)  various  tests  and 
studies  have  been  conducted.  These  include  foundation  studies,  wind  measure¬ 
ments,  wind  tunnel  tests,  and  structural,  servo  and  RF  feed  tests.  The  Echo  Site 
85-ft  Az-El  antenna  will  soon  be  moved  to  a  new  location  at  Goldstone  where 
it  will  be  used  for  research  and  development.  A  new  30-ft  antenna  will  be 
installed  near  it,  and  a  new  85-ft  HA-Dec  antenna  will  be  installed  at  the  Echo 
Site  for  operational  use. 

Performance  of  the  Cassegrain  feed  system  has  been  improved  by  a  modification 
in  its  optical  design. 
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PART  TWO 
LUNAR  PROGRAM 


I.  Ranger 


Ranger  ll  was  launched  on  November  18  at  03:12  EST, 
after  a  countdown  that  was  unusually  smooth;  the  only 
delays  were  for  correction  of  minor  difficulties  in  the 
Agena  umbilicals  and  in  the  Atlas  LOX  tanking  meas¬ 
urement. 

The  Atlas  performance  was  completely  satisfactory, 
despite  a  minor  error  in  staging  time,  and  the  Agena  1*' 
bum  (to  acquire  parking-orbit  spi'ed)  took  placv  on 
schedule.  The  2"'*  bum  did  not  oc'cur.  As  in  the  case  of 
Ranger  I,  the  spacecraft  was  left  in  a  low  Earth  orbit, 
instead  of  the  desired  near-escape  trajectory.  Agena 
telemetry  records  show  that  the  cause  of  the  Ranger  II 
failure  was  entirely  different  from  that  of  Ranger  I.  On 
Ranger  II  the  Agena  roll  gyro  was  inoperative  through¬ 
out  the  flight.  With  no  roll  control,  the  Agena  depleted 
its  attitude-control  gas  supply  shortly  after  the  I"'  bum, 
and  was  tumbling  at  the  time  of  2""  burn.  The  2"''  burn 
start  sequence  began  on  schedule,  and  the  engine  ignited 
but  immediately  shut  down,  probably  because  of  gas 
ingestion  due  to  the  tumbling  motion. 

Data  was  received  from  Ranger  U  at  all  DSIF  stations 
during  its  brief  flight,  which  probably  terminated  aftc*r 


6  orbits.  As  in  the  case  of  Ranger  I,  all  spacecraft  sub¬ 
systems  were  determined  to  be  operating,  but  the  scien¬ 
tific  results  of  the  flight  were  sli^t.  The  ground  portion 
of  the  system  operated  better  than  in  Ranger  I,  in  that 
real  time  data  operations  were  achieved  both  before 
and  after  injection.  All  functions  other  than  Agena  2"“ 
burn  (e.g.,  spacecraft  separation,  solar  panel  extensions, 
etc.)  took  place  as  planned. 

The  risk  of  the  Ranger  RA-3  mission  is,  of  course, 
increa.st'd  by  the  Ranger  I  and  II  failures,  because  the 
stabilized  cruise  mode  of  the  spacecraft  attitude-control 
system  still  remains  to  he  demonstrated;  until  it  is,  little 
confidenct*  can  bt*  plac't'd  in  the  mid-course  and  terminal 
maneuver  sequenc'es  required  for  the  lunar  mission. 
Nevertheless,  the  preparations  for  launching  RA-3  remain 
on  schedule.  The  RA-3  spacecraft,  Agena  6003,  and  Atlas 
I17D  successfully  complettHl  a  joint  flight  acceptance 
and  compatibility  (J-FACT)  test  on  January  5,  1962,  at 
AMR.  The  Aeronutronic  lunar  capsule  was  shipped  to 
AMR  on  the  same  day.  The  spare  capsule,  however, 
d«*veloped  a  destnictive  internal  short  circuit,  and  efforts 
to  prepare  a  2'"'  spare  were  iminc'diately  started. 


CONFIDENTIAL 


3 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13. 


A.  Systems 

?.  Rang«r  I  Trofcctory 

The  Ranger  I  spacecraft  was  placed  in  a  low  Earth 
orbit  on  August  23,  1961.  The  standard  trajectory  was 
essentially  achieved  up  to  ejection  from  the  parking  orbit; 
a  component  failure  in  the  propulsion  system  of  the 
Agena  B  prevented  Ranger  I  from  achieving  the  required 
velocity  increment  for  standard  flight. 

a,  Aacent.  Liftoff  was  normal,  with  all  systems  oper¬ 
ating  properly.  The  Atlas  performance  during  ascent  was 
satisfactory  (Ref  1).  The  guidance  system  initiated  the 
cutoffs  of  the  engines  at  near-nominal  times,  and  the  coast 
ellipse  prior  to  Atlas-AgetM  B  separation  was  within 
specifications.  The  Atlas-Agerta  B  separation  sequence 
was  performed  satisfactorily  followed  by  expected  stabili¬ 
zation  and  pitch-down  controls.  The  Agena  B  timers  were 
started  by  Atlas  guidance  commands  and  the  2"'*  stage 
sequence  of  events  was  normal.  Agetta  1”  bum  data  indi¬ 
cated  that  the  proper  parking  orbit  was  achieved. 

A  malfunction  in  the  Agena  B  engine  2”''  bum  ignition 
sequence  allowed  the  gas  generator  to  start  but  kept  the 
main  fuel  valve  closed.  A  small  velocity  gain 
of  84  m/sec  was  obtained  during  the  pro¬ 


grammed  2"“  burn  due  to  the  expulsion  of 
oxidizer.  The  net  loss  of  approximately  3100  m/sec  of 
velocity  to  be  gained  during  2"'*  bum  resulted  in  an  Earth 
orbit  having  an  apogee  altitude  of  only  313  mi. 

Since  2""  bum  was  not  attained,  the  velocity  meter  did 
not  initiate  the  engine  shutdown  function;  this  event  was 
performed  by  the  timer  backup  signal.  Separation  of  the 
spacecraft  from  the  Agena  at  1530  sec  followed.  Teleme¬ 
try  indicated  a  separation  velocity  of  approximately  0.6 
m/  sec  with  approximately  0.15-sec  separation  time.  Fol¬ 
lowing  separation  of  the  spacecraft,  the  Agena  performed 
the  required  yaw-pitch  maneuver  in  preparation  for  firing 
of  its  retrorocket.The  retrorocket  fired  and  the  subsequent 
altering  of  the  Agena  trajectory  (to  prevent  the  Agena 
from  following  the  spacecraft  trajectory)  was  successful. 

b.  Postiniection.  The  characteristics  of  the  postinjection 
trajectory  are  presented  in  Fable  1.  These  are  the  best 
obtainable  parameters  using  an  orbit  determination  pro¬ 
gram  (ODP)  available  at  JPL.  The  ODP  is  designed  for 
use  with  deep  space  probes  similar  to  the  Ranger  I  stand¬ 
ard  trajectory  and,  therefore,  lacks  certain  features  which 
are  mandatory  for  the  determination  of  low  orbits.  The 
most  important  of  these  features  is  the  exclusion  of  any 
type  of  drag  effect  experienced  by  the  spacecraft  during 
the  decay  of  its  orbit.  As  a  result,  it  was  necessary  to 
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Table  2.  Saquanca  of  flight  aventt 
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1391.35 

Soytaod  intarfoca  connactar  Sim 

1535.35* 

1525.35 

Soytaod  gin  stdian  Sim 

1530.25* 

1530.35 

Agana-4langar  tasaralian  caoslata 

— 

1530.51 

Initiota  ISO-dag/iain  yaw  rota 

1533.35* 

1533.31  ±0.11 

Totamatry  tignol  tact  (Atcaniion, 

Station  13) 

1593.09 

Ranoto  yaw  srogram 

1593.25* 

Trantfar  ta  3.3S-dag/Hiln  sitch  rota 

1593.25* 

t 

Ratrarockat  Sim 

1920.25* 

a 

*A4iwtlMl  Hf  urimcry  D-lliiMr  ttart  SIt.M  MC. 

*Ad|w«l»4  f«r  fMtart  D-Hrmt  ilart  •!  244.37  itc. 

far  prluMry  D-Miiiar  rMtarl  af  1217.29  lac. 

*llNif4awa  af  ralay  ilffial. 

*0wfatlan  al  tat  taaaratar  apacaftan. 

'Nat  avallabla. 

■Varlficatlafi  af  avant  aniy. 

redetermine  the  orbit  for  each  excursion  about  the  Earth. 
The  final  orbit  of  Ranger  I  will  be  determined  by  Goddard 
Space  Flight  Center  using  techniques  developed  for  low 
altitude  satellites. 

There  are  6  orbits  available  in  Table  1, 1  for  each  day. 
The  epoch  on  each  day  was  chosen  to  be  just  prior  to  the 
start  of  the  set  of  new  periods  at  Woomera.  The  orbit 
defined  is  representative  of  the  actual  orbit  up  to  the 
last  new  perica  at  Johannesburg,  a  duration  of  approxi¬ 
mately  14  hr. 

c.  Standard  and  actual  trofectoriee.  A  comparison  of 
standard  and  actual  trajectory  parameters  is  presented 
in  Tables  2  through  6.  Table  2  compares  the  sequence  of 
flight  events;  Table  3  compares  the  Atlas  coast  apogee 
conditions;  Table  4  compares  the  parking  orbit  param¬ 
eters;  Table  5  compares  the  injection  conditions,  and 
Table  6  compares  the  orbit  parameters  at  injection.  In 
general,  satisfactory  agreement  exists  with  the  exception 


Tabu  3.  AMas  coast  apogoo  condHions 


gi.- 

Raol  Hma 

srs-i4 

7atataatat 

laviciav 

Vactar  2 

Inartiol  vatacity,  n/iac 

5444.72 

5454.45 

5445.52 

5450.09 

Altilwda,  km 

194.3349 

191.9107 

194.4294 

194.4559 

Orbital  inclinotian 
angta,  dag 

32.43 

32.43 

32.62 

32.41 

TaMo  4.  Marking  orbit  paramotors 


Ham 

Iff  +  Hi* 

(A  4-  Nl* 

lA  +  N-fSI* 

m.  dota 

Sarigaa,  km 
ASarIgaa 

4553.477 

4549.029 

5.449 

4554.054 
-  0.577 

4545794 

7.493 

Asaraa,  kw 
OAsogaa 

4547.44S 

4593.415 

-15.947 

4594.530 

-29.992 

4414.214 

-44.549 

Sar’->d.  min 
ASariad 

SS.139 

99.245 
-  0.104 

99.434 

-  0.297 

99.531 
-  0.392 

iccaniricily 

Ahcanlrlclty 

0.00109 

0.00271 
-  0.00143 

0.00323 
-  0.003IS 

0.0052 
-  0.00412 

'  ■••• 
sarigaa,  km 

14.171 

35.597 

42.474 

49.422 

Inclinotian 
angta,  dag 

32.499 

32.770 

32.779 

32.95 

Nadaadag 

— 

— 

— 

279.S0 

ArgwmanI  af 

sarigaa  u,  dag 

— 

— 

194.40 

Satltian  af  agach, 
w  -f  M,  dag 

— 

— 

134.50 

Igoch 

— 

Aug.  23, 1941 
13il2>29 

•N  +  N  =  namlnal  Artat  +  nominal  Agana. 

‘A  4-  N  =  actual  Allot  namlnal  Agana. 

'A4-N-|-I  =  A4-N-|-  actual  Ignittan  and  burnout. 

CONFIDENTIAL 


5 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


of  Tables  5  and  6  which  show  large  differences  since 
nominal  injection  was  not  obtained  (Fig  1). 

2.  Rangtr  II  Tra/«ctory 

Ranger  11  was  placed  in  a  low  Earth  orbit  on  Novem¬ 
ber  18,  1961.  The  standard  trajectory  was  essentially 
achieved  up  to  ejection  from  the  parking  orbit;  a  com¬ 
ponent  fi'ilure  in  the  attitude  control  system  of  the 
Agena  B  prevented  Ranger  II  from  achieving  the  required 
velocity  increment  for  standard  flight. 

a.  Ascent.  Liftoff  was  norinul.  AtUm  p<’rforinanc(>  during 
asei-nt  was  satisfactory  (Ref  2).  T1k‘  guidance  sysU'iii 


Table  5.  Injactien  conditions 


fOtMMtaf 

PradMsd 

AOimI 
(«nf  mWII 

Tim*  fro*  loviKh,  m< 

1373.4233 

1344.32 

iodiwi  v«<tor«  kiR 

dS«9.4743 

4542.1444 

Eorth-fUod  votoclty.  m/M< 

I0.5U.0223 

7505.1997 

larth.|iii«d  (IlghI  poHi  atigla,  d*g 

1.42511  SO 

-0.0433112 

GMuntric  latitud*,  d«g 

-♦.1929791 

-7.4371254 

longitud*,  d«g 

344.171945 

343.942990 

lorlh-flisd  atiMwIh,  d*g 

132.970344 

124001140 

iiiitiat(‘cl  tlu‘  cutoffs  of  the  engines  at  near-nominal 
times,  and  the  coast  «-llipse  prior  to  Atlas-Agena  B 
separation  was  within  specifications.  The  Atlas- 
Agena  B  separation  seqiumce  was  performed  satisfactor¬ 
ily.  After  separation,  the  Agena  B  spacecraft  vehicle 
exhibited  instability  in  roll  due  to  lack  of  proper  signals 
from  the  Agena  B  roll  gyro.  Analysis  of  the  Agena  B 
flight  data  shows  that  the  Agena  B  roll  gyro  stopped 
spinning  between  the  gyro  checks  made  at  T  —260  min 


Tobl*  6.  Orbit  paramatart 


Cank  gaiwMlan  M  Inlactlwi 

PradMad 

Acfuol 

Twic*  totol  •AGrgy/unil  mott  Ct,  km’/sGc’ 

-0.443,272 

-59.4131 

;  Angular  Mananluni  Ci.  km’/tac 

72,155.9 

51494.9 

Saml-naiar  aili  a,  km 

440,541 

4709.03 

91,470 

4444.14 

Ecc*Mrlcily  • 

0.949752 

0.02491 1 

Pariad  at  ravalulian,  min 

45,035.2 

91.1443 

iRclifiollon  of  IKo  glofi*  of  Ik*  orbit  to 

Ik*  •guoloriol  pto**  i,  dog 

32.4033 

32.9243 

Longitud*  of  Ik*  ot<*ndlng  nod*  it,  d*g 

279.741 

279.4149 

ArgumanI  al  parigaa  u,  dag 

194.003 

197.744 

Clatail  aggraach  dlitanca,  km 

4544.54 

4544.19 

Agagaa  ditlonca,  km 

1.274457 

4474.11 

1  Tima  (ram  garigaa  gaiiaga.  lac 

32.43 

-47.11 

1  Trua  anamaly  v,  dag 

3.14422 

-3.2401 

EARTH 

ASCENSION  ISLAND 

INJECTION;  PERIGEE 
AGfVA  Z"**  BURN  IGNITION 


PARKING  ORBIT  INJECTION 
/IG£NA  1^'  BURN  IGNITION 

atlas  cutoff 

LAUNCH 


MOON  O  - - TK' 

Figure  1 .  Hanger  I  and  II  orbits 
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during  the  countdown  and  the  Atlas  roll  program  exe¬ 
cuted  shortly  after  lifto£F. 

The  Agena  B  pitch-down  program,  occurring  soon 
after  Atlas-Agena  B  separation,  was  satisfactory  so  that 


the  Agena  B  1“  bum  carried  the  vehicle  safely  under  the 
jettisoned  shroud  and  into  a  nominal  parking  orbit.  How¬ 
ever,  a  high  roll  rate  occurred  during  the  1*'  bum  period 
due  to  the  roll  gyro  failure.  As  a  result,  Agena  B  guidance 
gas  depletion  occurred  shortly  after  the  bum  period.  The 


Table  7.  Orbital  parameters  of  Ranger  II,  November  18,  1961 


Timo  of  lii|o<Hoft 

I  pocK  of  pofkonfof  ppi— fo 

X 

f 

I 

K 

y 

z 

1 

KSSSS 

t 

d 

• 

_ ! _ 

y 

• 

0 

U 

p 

•  r33.44.302  MC 

1.01.32.4*0  MC 

••.5274 

-0.d345dUil4* 

0.1M5443dl4 

0.d534333SI3 

0 12f3f333ll 

O.MOOIHOII 

0.41*3510*11 

*37f.l1 

33.3133 

5*.0IS 

I4*.03* 

0.«5fl3«21l4 

O.S4l33Ut|l 

033d5433fC3 

0  7343II73II 

0.  Its  1040*10 

0 l34*OSt*f3 

0.0042*2 

33*4170 

131.3020 

111.231 

M,  Y,  I,  i,  Y,I  —  •  rlfbt-baMgd.  loHb  wwioraS.  epsog  fioW  tirtmruwlgi  ctMtlxi  ta >rSiift»  syefoNt.  Z  I*  mtvtmS  11*  olns  iIm  Corlb  spin  mU,  pasitlv*  ttorib,  M  It  iMcnial  la  2 

ood  poeltlea  Iri  Iba  dirocNoA  H  Iba  varswl  ORuirtaa.  bra.  kfll/aac. 


t,  d,  8.  V,  0  •  tlmbt-hRiidad,  l«rtb  eoaiorad.  oaoRiarM.  lorlb  flood  lofurliol  cooidiwola  eyeloia  M  ti  Irani  loelb  ion  tor  in  km,  #  U  footortirk  lolHudo  mooewrad  from  oRVOlarM  plona 

poelHva  nortb  In  dot.  8  U  Unoilwda  mooiMrod  eastvrard  from  iha  Oroonwldi  morldlon  poolNea  ooeiorord  In  dot.  v  U  lordi  flood  volocliy  in  km/ioc,  y  ii  podi  onplo  of  ipott 
eroff  widi  roipocl  la  loool  koriooniol  in  dot.  •'  k  otimwib  onplg  of  v  mooiMrad  oost  of  tnia  norib  in  dap. 
o  ^  loml-molor  oak.  km.  U  lonoMwdo  of  otsondinp  oodo.  dof . 

a  --  aMonlrieily.  w  orpvmont  of  poripoo.  dof. 

I  ^  IncHnodon  of  orkil  piono  lo  ooualariol  pUno.  dot-  r  bwo  onomoly,  dap 

All  dmas  oro  In  OMf 


«  0.41498IIM4  -  SMS.tlM 


Table  8.  Sopuence  of  fUpht  ovonts 


iv*flt 

Prodlcrod  Hmo, 

Actaol  Itaio, 

Ivaiil 

Pradktad  UaM, 

ActamI  Him, 

MC 

••< 

MC 

MC 

lIHaff  (OMT) 

0 

0t<13<31.303 

Holiuin  valvo  OH  Squib  3  firm 

323.0* 

Atlai  bowter  (vfeH 

131.3 

134.4 

Slop  Agona  primary  D-limor 

537.0* 

337.1 

Arhn  baotlar  ••iMra.ien 

^6 

Tatamatar  lignol  tan 

Start  Aftita  taitart  lliaar 

14«.0 

333.9 

(Anliguo,  Stalion  9.1) 

- 

713.0 

A.tai  tgitaintr  cwtaf. 

37S.1 

3S0.3 

Tolomofor  lignol  ocguiro 
(Akcontiono  Stotion  12) 

1133.0 

$tort  AfSfio  ^Ifdory  0-tlfii*r 

3S4.S 

393.0 

loktort  primary  D'timor 

1243.9* 

1243.9 

Altai  vamtar  cwtaf  < 

3V3.2 

393.7 

Ultago  rockali  firm  (3nd  born) 

1349.9* 

1249.9  (No.  3) 

Nou  ihrevS  sin  pvltar  iswibi 

397.S 

397.7 

l2S27(No.1) 

firm 

Tronifor  ta  —  4.41  dog/min 

MiS-boSy  pin  pgitan  and 

pilcb  rolo 

1349.9* 

r«troro<k*f8  Nr9 

300.3 

300.7 

Coi  Oonorotar  3  firm  (3nd  burn) 

I3II.9* 

1211.9 

313.0* 

313.3 

Thruil  oltainmonl,  90%  P, 

Ini.tota  —  I73dag/niin 

(3nd  bum) 

1213.9* 

pilch  rota 

31S.0* 

311.3 

Ingino  cvfoffo  70%  Pr  (2nd  burn) 

1374.3* 

Tianitarta  — 3.34  dos/min 
pilch  rota 

331.0* 

331.3 

Ivrning  duroltan  (3nd  burn) 

90.3 

0 

Slort  toiomolry  calibrofo 

1341. 9* 

1312.4 

Ultago  rockali  firm  (111  barn) 
Totaniotar  lignol  ocquira 

341.0* 

341.3 

1334.9* 

1331.9* 

e 

Payload  intarfoco  connoctar  Pira 

(Anliguo,  Stalion  V.t) 

- 

333.0 

Poytaod  pin  pultari  firm 

1331.1 

Go8  0*n*rofor  1  fir9  (Uf  burn) 

ThrukI  attoinmonty  90%  Pr 

333.0* 

333.0 

Agano-tongor  koporotion 
compM* 

-* 

(111  burn) 

334.3* 

334.4 

Iniliata  110  dog/min  yow  rolo 

1334.7 

Totaniotar  lignol  tan 

tomov*  yow  progrom 

.393.0 

(Capo  Canovoral,  Slolion  1) 

- 

473.0 

Tronilar  lo  3.33  dag/min 

Engino  culolf,  70%Pf  (111  burn) 

304.4* 

30t.4 

pilch  rot* 

1334.9* 

1393.0 

burning  dvrotion  (Itt  burn) 

131.7 

134.0 

Toiomolry  kignol  lokk 

(Aicaniion,  Stalion  1 3) 

- 

1440.0 

tiro 

333.0* 

Rolrorockol  Piro 

1931.9* 

P 

*Adiw8fsd  for  primary  D*timor  8fort  of  292.0  80c. 

^Adiwklod  for  primary  0«tlm*r  roktorf  of  1295.9  kOC. 

»Nol  ovolloblo. 

*Vorificolion  of  pyonl  only. 

‘Ad)w*t*d  for  rokfort  D*  flmor  kfort  of  253.9  koc. 

CONFIDENTIAL 


7 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13. 


exhaustion  of  guidance  gas  causc'd  velucle  tumbling  in 
all  3  axes. 

Vehicle  tumbling  apparently  prevented  propt'r  pro¬ 
pellant  ullage  control.  Engine  shutdown  (K'curred  imme¬ 
diately  after  2"''  burn  ignition,  probably  due  to  ingestion 
of  pressurization  gas.  Second  burn  ignition  imparteel 
approximately  6.2  m/sec  impulse  to  the  vehicles.  Tlu'  net 
loss  of  approximately  3176  m/sec  of  vel(K‘ity  N)  be  gaiiM‘d 
during  2'"'  burn  resulted  in  an  Earth  orbit  having  an 
apogee  altitude  of  only  146  mi. 

Spacecraft  separation  and  Amelia  B  retrorocket  firing 
occurred  at  the  proper  times.  No  180-deg  yaw  maneuvi-r 
was  p«*rformed  by  the  Afinui  B  due  to  guidance  gas 
depletion. 

b.  Pottinjection.  The  characteristics  of  the  {)ostinj<‘ction 
trajectory  (Ref  3)  are  presentetl  in  Table  7.  These  are  tlu* 
best  obtainable  parameters  using  the  ODP.  The  final  (rrbit 
of  Ranker  II  will  b«-  detennint*d  hy  Corldard  Spacr*  Flight 
Center  using  techniques  d»‘v<'loiH'd  t“S|>ecially  for  low 
altitude  satellites. 

Table  7  presents  only  1  r<‘presentative  orbit  siiu-e  the 
lifetime  of  Ranger  II  was  approximately  1  day.  The  decay 
due  to  diag  was  significant  after  the  1”  several  orbits. 

c.  Standard  and  actual  trajectoriet.  A  cxnnparison  of 
standard  and  actual  traji'ctory  parameters  is  presented 
in  Tables  8  through  12.  Table  8  compares  tlw  scHpumw 
of  flight  events.  Table  9  compan-s  the  Atlas  coast  a|xrgee 
conditions,  Table  10  compares  the*  parking  orbit  param¬ 
eters,  Table  11  compares  the  injection  conditions,  and 
Table  12  compares  the  orbit  parameters  at  injection.  In 
general,  satisfactory  agrec-ment  exists  wish  the  c-xception 
of  Tables  11  and  12  which  show  large-  difference's  sinev 
nominal  injectiem  was  neit  e)btaine'd  (Fig  1). 


Tabla  9.  Allot  coast  opogoo  conditions 


O.C.-AvrrolpfKt 

Forom«f«r 

Prodlctod 

Vmo*  I  0.5 

«#< 

V*co  I  0.1 

••< 

Inortial  volocity,  m/toc 

3446.4 

3630.7 

3632.3 

Allifwd*.  km 

185.5 

183.9 

114.3 

Orbitol  inciinotion,  dog 

32.614 

32.603 

32.603 

*V«rni«r  •ngin*  cutoff.  j 

Toblo  10.  Parking  orbit  paromotors 


Poromofor 

Nominol 

jn  dolo 

Porigoo,  km 

6361.4 

6502.331 

4^  Ptrigto 

39.1 

Apegoo,  km 

6373.1 

6640.033 

A  Apegoo 

-65.0 

Ptriod,  min 

88.3 

88.334 

A  Poriod 

-0.1 

Eccontricity 

0.00103 

0.0103 

A  Eccontricity 

-0.00945 

Apogoo-porigoo,  km 

13.7 

137.724 

Inclination  anglo,  dog 

32.384 

33.173 

Nodo  U,  dog 

— 

336.62 

Argwmoni  of  porigoo,  u  dog 

— 

34.04 

Poiition  of  opoch,  (j  -f  Y*'  ^*9 

— 

137.76 

Epoch 

— 

Novombor  18,  1961 
8:20 149 

Toblo  1 1 .  Injoction  conditions 


Porofikotor 

Prodktod 

Actual 
(tint  orbit) 

Timo  from  lounch,  loc 

1373.4055 

1282.8 

iodiui  voctor,  km 

6568.9782 

6398.3621 

Eorth'fiiod  volocity,  m/ioc 

10,387.8210 

7363.8873 

Eorth'fiaod  flight  path,  onglo,  dog 

1.7238 

0.1931 

Copcontric  lotitvdo,  dog 

-9.0679 

-3.6833 

longitvdo,  dog 

346.1921 

339.343 

Eorth-fiaod  otimvth,  dog 

122.8447 

124.9032 

Toblo  12.  Orbit  poramotors 


Conk  poromotorf  ot  Infoctlon 

Prodktod 

Actuol 

Twico  totol  onorgy/vnit  moil  Ci,  km'/ioc* 

-0.421,909 

-60.3798 

Angvior  momontum  Ci,  kmVioc 

72,130.0 

31.212.1 

Somt-moior  oait  o,  km 

640,934.0 

6379.81 

$omi>miner  oait  b.  km 

91,488.0 

6379.73 

Eccontricity  o 

0.989740 

0.004292 

Poriod  of  rovo!votion,  min 

83,104.0 

88.3274 

Inciinotion  of  tho  plono  of  tho  orbit  to 
tho  oqvotoriol  plono  i.  dog 

32.6337 

33.3133 

longttudo  of  tho  otconding  nodo  U,  dog 

323.832 

336.4170 

Argumont  of  porigoo  w,  dog 

193.644 

39.0834 

Cloiott  opprooch  dittonco,  km 

6363.43 

6331.37 

Apogoo  dittonco.  km 

1,273,304.3 

6608.04 

Timo  from  porigoo  poitogo,  toe 

34.82 

1931.8 

Truo  onomoly  v,  dog 

3.33910 

131.3020 
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B.  Engineering  Mechanics 

1 .  Equipment  Packaging 

Tin-  major  p(»rtion  of  Hu-  Hauiii  r  HA-6.  -7.  -S,  and  -f) 
i-cpiipnu-nt  packaninj;  romains  unclianm-d  from  tin-  HA-.i. 
-•1,  and  -5  configuration.  However,  tlierc-  arr-  some 
additions  and  elianjjes  wliieli  wen-  necessitated  due  to 
ri-packagin^  of  tlie  I, -Hand  eommunieations  assemirly. 
tiu-  replaeement  of  tlie  sei(-ntific  instruments  and  teleseope 
electronics  assembly  of  Klectronies  .Assembly  III  with  ibe 
S-band  ran^in^  expi-riment,  and  tbe  .iddition  of  sr  ienlific 
instruments  for  radiation  measurements. 

a.  Electronics  Assembly  i/,  L-baud  communications. 
This  as.seinbly  has  been  coiuirletely  reiraekajic-d  to  incor¬ 
porate  tbe  (‘l(‘ctronics  and  other  HF  eipiipiiu-nt  into 
standard  nuHlule  form.  Tbe  drawiiiHs  of  this  new  assem¬ 
bly  have  been  released  and  many  ol  tlu-  subebassis  and 
assembly  chassis  basi-  been  ordered  or  delivc-red.  .A  band 
separator  will  be  boused  in  the  communications  chassis 
when  tbe  S-band  ran^'in^  experiiiu-nt  is  flown.  This  arldi- 
tional  subassembly  will  b<-  used  on  H.A-S  and  -H. 

b.  Electronics  .Assembly  III,  S-band  rniiKiiiK  experi¬ 
ment.  This  assembly  will  be  flown  only  on  H  A  S  .md  -9. 
and  will  rerjuire  dummy  iiukIuIcs  for  H.A-o.  -6.  .md  -7.  In 
addition  to  tbe  nuulules  re(|uire<l  tor  operation  of  tbe 
S-band  ranKiuK  exp<'riment.  I  ukkIuIcs  of  tbe  data  con- 
tioninj;  system  will  be  boused  in  tbe  assembly  tas«-  for 
H.A-.'j  tlirou^li  -9.  Dravsin^s  ol  tbe  S-band  std>ass<-mblies 
are  in  jrrocess  aiul  jrrocurement  of  tbe  asscu  iated  pack- 
acini'  baribsare  will  follow, 

c.  Scientific  instruments.  These  instruments  consist  of 
3  radiation  experiments:  a  tissue  e(|uivalent  ioni/ation 
chamber,  a  partir-le  flux  detector,  and  a  \elier-tyi)e 
ioni/ation  chamber.  The  jr-irtiile  flux  deti-itor  and  the 
Neher  ioni/ation  chamber  are  similar  to  Mariner  H  eon- 
fiCurations.  Tbe  tissue  e(|uivaleut  ioni/ation  (b.unlu-r  is 
a  completely  new  unit. 

Dill-  to  pnu-urement  schedulinc  problems  ol  «*U-ctronic 
('({uipment,  tbe  Neber  ioni/ation  chamber  ss  ill  be  aboard 
the  H.A-.'j  throucii  -9;  the  jiarticle  flux  iletertor  and  the 
tissue  ('(juivalent  ioni/ation  chamber  will  be  on  H.A-S 
and  -9.  The  addition  of  the  latter  experiments  will  retpiire 
shift-'ic  the  associated  electronii-s  within  (!ases  III 
anu  .  1. 

2.  Spacecraft  Design 

a.  Mechanical  and  structural  system.  .Anaivsis  of 
telemetry  data  from  the  Haniier  I  and  II  iliebts  indicates 
that  the  spacecraft  UK-chanical  and  structural  system 


functioned  properly;  no  modifications  to  these  areas  an- 
nei-essary  for  future  fh'chts.  Despite  the  nonstandard 
orbits  attained  in  these  iliehts,  it  was  possible  to  analyze 
the  s|)acecraft  temperature  data.  It  is  concluded  that  the 
tem)u-rature  control  system  of  the  spacecraft  functioned 
.satisfactorily  on  these  fiichts,  and  also  xx-ould  have  done 
so  had  the  s])acecraft  attainr-d  the  proper  orbits. 

For  Hangers  H.A-6,  -7,  -8,  and  -9,  tbe  electronic  and 
structural  requirements  for  the  Inch  cnin  L-  itnd  S-band 
anti-nnas  reiiuiri-  no  chances  to  the  existinc  At’cna-Hanf^.er 
interface,  thus  ensurinc  complete  interchanceability. 

Similarly,  the  mechanical  ami  thermal  interfaces  be¬ 
tween  T\'  capsule  and  bus  ri-quire  only  minor  difference's 
in  fittincs  and  jraint  patterns.  Tbe  basic  requirement  of 
bus  interchanceability  bt-tween  Hanger  R.A-.3  and  -6  type 
missions  remains  unimpaired. 

3.  Modal  Vibration  Tests 

Mode  shapes  and  natural  frequencies  have  been  inves- 
ticati'd  for  the-  Hmiccr  R.A-3  vebiile.  Tlu-  test  vehicle  was 
tlu-  Hander  priuif  ti-st  moth-l,  which  is  structurally  the 
sanu-  as  H.A-3.  The  test  spe-cinu-n  was  mounted  to  a  rigid 
support  rinc.  w  Inch  in  turn  xvas  bolted  to  a  concrete  fliMir. 
S('V(-ral  modal  vibration  sbaki-rs  were  ust-d  to  excite  the 


Figure  2.  Setup  for  angle  vt  torque  tests 
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various  normal  inoclos.  Significant  results  wore 
natural  vehicle  cantilever  frecjuencies  of  16.1 
16.3,  34.5,  and  .35.1  cps  and  a  natural  vehicle 
torsional  fre(juency  of  .37.8  cps.  Structural  danipin^ 
c(H'fficients  wt‘re  found  to  he  0.04  in  the  1“'  i‘I(kU-  and 
0.08  in  the  2"''  mode. 

A  shake  test  was  conductcHl  on  the  fret'ly  sii.spended 
Rauficr  R.'X-.l  dynamic  e(iuivalent  mockup  (FiRs  2, 3).  The 
purpose  of  the  test  was  to  allow  investigation  of  the 
vehicle  angle  versus  applied  torque  for  a  limittHl  fre¬ 
quency  range.  The  test  verified  the  theoretical  calculation 
for  this  frequencN’  range*. 


Figure  3.  Freely  suspended  Ranger  RA-3 
dynamic  equivalent  mockup 


C.  Propulsion 

The  df/Mger  spacecraft  will  pcriorm  a  single  mid-course 
propulsion  maneuver  to  renioxc  or  reduce  the 
injection  disirersion  errors. 


This  maneuver  will  he  accomplished  using  a  small, 
monopropellant  hydrazine-fueled  propulsion  system  of 
50-lb  vacuum  thrust.  This  propulsion  syst(?m  will  he  capa- 
hl(‘  of  delivering  a  variable  total  impulse  in  conjunction 
with  an  integrating  accelerometer  system. 

.Ml  valving  functions  on  the  propulsion  system  are 
accomplished  using  e.\plosiv»‘ly  actuated  valves.  On 
/h/nger.v  RA-5  through  RA-9,  rei*ently  developed  dual- 
hridgewire  hermetically  sealed  stpiihs  will  he  used  in  the 
<*xplosive  valvi-s  in  lieu  of  single-hridgewire  .squibs  to 
attain  a  high  degree  of  reliability.  .4  detailed  description 
of  the  propulsion  system,  the  operational  design  philoso¬ 
phy,  and  a  sysh'in  schematic  are  eontain(‘d  in  SPH  37-3. 
Developnu'ntal  progress  is  reported  in  SPS  37-3  through 
37-12. 

During  this  rejrorting  peri(Kl,  project  activities  ha\e 
consisted  primarily  of  fabrication  and  procurement  of 
parts  for  the  R.A-S  through  R.\-9  propulsion  systems,  flight 
acceptance  testing  of  the  parts,  and  the  generation  of 
specifications  and  operating  procedures  re((uired  for  pre- 
launch  and  launch  activities. 


D.  Lunar  Capsule 

? .  Introduction  and  Summary 

t’nder  subcontract  for  tin*  tievelopnu'nt  of  a  complete 
lunar  capsuh*  subsystr*m,  .\eronutronic  Division  of  Ford 
Motor  Comirany  is  supplying  a  lunar  seismographic  cap- 
suli*  and  ancillary  equipments  for  Rorigers  R.A-3,  -4,  and 
-5.  .Vs  tin*  Rr/nger  spac<*craft  approaches  the  Mcxrn,  the 
capsule  will  lx*  separated  from  tin*  spacecraft  and  braked 
to  allow  a  survivable  landing  which  will  emplace  a  sensi¬ 
tive  seismometer  on  the  lunar  surface.  Data  from  the 
s»*ismomcter  will  then  b(*  relay(*d  to  F.arth  receiving 
stations. 

.\.s  a  result  of  the  simulated  lunar  landing  (SLL)  tests 
and  subsecpient  mc'cbanical  uicKlifications.  a  .series  of 
separate,  major  develoimieutal  tests  were  instituted  on 
tin*  capsule  clci*tronics,  the  ordnance  assemblies,  the 
insulation  and  thermal  control  system,  and  basic  struc¬ 
ture  of  the  survival  sphere  and  tla*  impact  limiter. 

Two  subas.semblies  of  the  survival  sphere,  the  main 
batt(*ries  and  the  voltagx'-controlled  siibcarrier  oscillator 
(VdO),  both  fabrit*at«Hl  under  subcontract,  developed 
problems.  Both  had  lu'en  prcxiously  (pialified  and  were 
regarded  to  be  nearly  finished  items.  Because  of  changes 
or  I'rrors  iii  fabrication  priH'cdures,  the  units  delixerexl 
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failed  in  late  development  tests.  Efforts  were  required  in 
design  and  quality  control  to  make  required  revisions 
and  produce  new  units  on  a  schedule  consistent  with 
design  proof  testing  to  meet  the  flight  schedule.  A  parallel 
VCO  effort  was  also  instituted.  All  the  vendors  are  now 
delivering  units  constructed  to  rigid  process  standards  on 
the  required  schedule. 

Two  final  design  proof  tests  of  complete  landing 
spheres  were  planned,  1  an  airplane  drop,  the  other  a 
testing  machine  impact.  Tests  were  delayed  several  weeks 
by  unfavorable  development  test  results  and  subassembly 
deliveries.  Furthermore,  it  was  deemed  necessary  to 
introduce  2  more  design  proof  test  impacts  of  partially 


completed  landing  spheres  to  provide  necessary  assur¬ 
ance  that  the  revised  parts  were  qualified  in  a  manner 
consistent  with  the  entire  sphere. 

The  altimeter  has  been  completed,  and  Wiley  Elec¬ 
tronics  has  delivered  them  on  schedule. 

The  retrorocket  program,  after  an  extensive  staffing 
revision,  has  proceeded  well.  Previously  encountered  fail¬ 
ures  were  successfully  diagnosed,  and  corrections  were 
c-onfirmed  by  test  firings.  The  support  structures,  squibs, 
clamps  and  associated  equipment,  and  the  power  and 
.sequencing  assembly  are  completed  and  available  for 
flight. 


Table  13.  Design  proof  tost  program  summary 


TmI  n*. 

Ctiwpamwt 

CniiipIniPS  Oal* 

tnwlH 

SI 

Saporalton  dams 

II -27-SI 

Chonge  in  clomp  cenigurotien  to  odd  guard  for  rediotlofi  shield  retrec- 
tien  ond  miner  chonge  in  electricel  centects  required  repeot  of 
leperetien  test  to  ebtoin  tip  off  impulse  end  seporotien  time,  ond 
repeot  of  iheke  test.  Clomp  seporotien  met  spocificotion. 

12 

Spin  nolof 

12-20-SI 

Test  lature  problems  held  up  lest.  Eive  rounds  bred  successfully.  Design 
odequote  for  flight. 

M 

belt  cutter 

1 1-17-SI 

Design  quolified. 

SS 

Altimeter 

9-IS-SI 

Design  quolified. 

M 

fayIpnS  (Mporalipn) 

9-9-SI 

Oniign  qwaliSnd.  Snporolion  mnnlt  ipnciScQllen. 

V 

Mojor  coftiule  itrvcture 

S-II-SI 

II -24-SI 

Dniign  qwoDSnd.  SIrwelwrn  good  lor  oil  Sighl  loodi. 

Thirloon  loti  vohkloi  bwlH  ond  loiiod  with  vorying  dogroot  of  twccou 
to  Mporolnly  invotligolo  functionol  lubtytlomi.  Slnol  toil  on  S/N 
DfT-5  ivccniilul.  Mooli  Sight  roquirononti. 

•» 

Acceleratien  iwitcli 

ll-S-SI 

Design  quolified. 

110 

letrometer  igniter  iguib 

9-S-SI 

lot  quolified. 

111 

Ceptwte  battery 

■ 

Foiled  in  Nov.  lottery  redesigned  for  2*^  time,  lottery  structure  suiloble 
for  impoct.  Foilure  wos  due  to  internol  lookogo  net  coused  by  environ* 
mental  tests.  Addilionol  bottery  now  being  tested. 

BIS 

letrometer  itructwre 

I-SI 

Design  quotiled. 

114 

Coging  pin  meter 

10- 10-SI 

let  quolified. 

SIS 

Sgvib  iwitcH 

I0-2S-SI 

One  lot  previously  rejected.  Resent  let  accepted  without  steriliiotien. 

SIS 

AHimeler  luppert  en6  erection  lyitem 
(tirwctvre  end  function) 

10-2-SI 

onS 

12-S-SI 

Addition  of  siructurol  members  will  require  repeot  of  shoke  port  of  test 
scheduled  Nov.  20  ond  21. 

SI7 

Thnrnial  rodiolion  thinlS 

10-21-SI 
(Uinrnial  ••tt) 
12-IS-SI 

Design  quolified  thermolly.  Finol  design  of  support  ond  retroctien  system 
fobricoted  for  design  proof  structurol  ond  vocuum  cold  retroctien  test. 

BIS 

Thermol  control  vohre 

9-7-41 

lot  quolified. 

119 

Coptule  poffitioi  twitch 

ll-S-SI 

Design  quoliled. 

120 

Ivlkhee6  lerminol  tool 

lO-S-SI 

lot  quolified. 

S2I 

lower  ond  teguencing  ottembly 

12-22-SI 

Initial  test  foiled  becouse  of  bottery.  lottery  redesigned.  Also  power  ond 
sequencing  ossembty  redesigned  to  include  orming  timer.  Develop* 
men!  tests  gove  good  results.  Formol  design  proof  test  gove  go^ 
results. 

S23 

lenetrotor  (venting)  tguib 

10-24-SI 

lot  quolified. 

S24 

ERternol  wiring 

9-1-41 

Successful.  Tested  with  17  ond  116.  Also  tested  in  joint  systems  tests  ot 
Jfl.  To  be  retested. 

126 

1 

Altimeter  battery 

12-22-SI 

One  ESI  bottery  (alternate  design)  foiled  in  Nov.  test.  Yordney  battery 
pock  portiolly  foiled  in  Dec.  After  design  modification  both  botteries 
ore  orceptoble. 
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2.  T«sf  Program 

a.  Detign  proof  teit.  The  lunar  capsule  design  proof 
test  program  has  been  completed  on  schedule  during  this 
reporting  period  with  2  minor  exceptions.  The  survival 
sphere  battery  is  still  under  electrical  test  and  several 
rounds  of  the  spin  motor  qualification  test  remain  to  be 
fired.  The  spin  motor  qualification  will  be  completed  in 
early  January.  The  battery  is  being  tested  for  long  term 
discharge  to  simulate  the  flight  batteries.  Status  of  each 
of  the  major  design  proof  tests  is  shown  in  Table  13. 

b.  Acceptance  teeting.  Implementation  of  formal 
acceptance  tests  for  assemblies  and  parts  fabricated  for 
flight  use  has  continued  during  this  period.  With  the 
exception  of  the  batteries  to  be  used  in  the  power  and 
sequencing  assembly  and  in  the  altimeter,  all  parts  to 
support  the  Ranger  RA-3  have  been  tested.  Testing  will 
continue  during  the  coming  period  on  parts  and  assem¬ 
blies  to  be  used  in  support  of  Rangers  RA-4  and  -S.  Test 
plans,  previously  prepared,  have  been  modified  in  some 
instances  to  improve  the  tests  or  to  reduce  the  time 
required  to  perform  each  test. 

c.  Landing  sphere  development  and  qualification 
tearing.  During  this  reporting  period,  the  developmental 
and  qualification  program  has  been  successfully  con¬ 
cluded  in  a  final  demonstration  design  proof  test  of  a 
complete  landing  sphere.  The  first  tests  of  major  signifi¬ 
cance,  beyond  the  initial  subsystem  empirical  develop¬ 


mental  tests,  were  conducted  in  May  in  the  initial 
simulated  lunar  landing  tests.  All  major  objectives  of 
these  first  tests  were  met;  it  was  demonstrated  that  the 
laboratory  impact  tests  were  adequate  for  further  testing 
of  landing  spheres  and  survival  sphere  systems. 

As  a  consequence  of  these  tests,  however,  the  mechani¬ 
cal  design  of  nearly  every  portion  of  the  survival  sphere 
was  revised  or  modified  to  produce  a  more  reliable  over¬ 
all  system.  All  of  the  development  involving  these  changes 
was  conducted  on  a  series  of  separate  but  major  tests  on 
the  several,  separable  subsystems  of  the  survival  sphere. 
Detailed  revisions  of  the  final  design  were  not  com¬ 
pleted  until  the  fabrication  of  DPT-5,  the  final  test 
vehicle.  Table  14  shows  this  developmental  process.  Table 
15  indicates  in  more  detail  failures  observed  and  infor¬ 
mation  gained  during  this  testing  process. 

DPT -4.  The  batter  in  this  unit  failed  during  the 
buildup  phase  of  the  unit.  Since  there  was  insufficient 
power  for  operation  of  the  timer  and  other  equipment, 
functions  depending  on  electrical  power  could  not  be 
tested. 

The  capsule  was  balanced  and  subsequently  fired  on 
the  Hyge  testing  machine  at  166  ft/sec  and  impacted  at 
90  deg.  Following  this  the  penetraton  were  fired  with  an 
external  power  source.  There  was  no  visible  damage  of 
the  payload  due  to  impact  or  to  the  penetrator  blast. 


Table  14.  landing  sphere  test  history 
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The  DPT-4  vehicle  limiter  and  upper  insulation  shell 
half  were  removed  after  sled  impact.  The  necessary 
instrumentation  for  conducting  a  thermal  boilofif  test 
was  installed.  The  upper  half  of  the  insulation  shell  was 
installed  and  sealed  inside  the  impact  limiter.  This  assem¬ 
bly  was  subjected  to  vacuum  in  the  high-altitude  test 
facility.  The  test  could  not  be  completed  due  to  a  small 
leak  in  the  brazed  aluminum  payload  structure,  which 
prevented  evacuation  of  the  chamber  and  insulation. 

The  insulation  and  shells  were  removed  and  placed  on 
a  dummy  structure  equipped  with  carbon  resistor  heaters 
and  a  thermistor  for  temperature  measurement.  Hie 
antenna  coax  and  caging  device  wires  were  also  installed 
resulting  in  a  representative  thermal  mockup  which  was 
placed  in  a  double  wall,  liquid  nitrogen-cooled  vacuum 
chamber.  An  equilibrium  heat  rate  of  3.05  w  was  estab¬ 
lished  with  the  payload  temperature  being  maintained 
at  32°F  and  the  chamber  at  -320°F. 

DPT-S.  Initial  electronic  system  checks  were  made 
on  November  20.  The  transmitter  frequency  measured 
960.14095  me,  the  VCO  558.3  cps;  the  sphere  was  bal¬ 
anced  the  same  day.  On  November  24  the  capsule  was 
sub|^'cted  to  a  Hyge  impact.  The  preimpact  velocity  was 
151  ft/sec.  Frequency  measurements  made  before  and 
after  impact  are; 


Relative  time 

Transmitter  frequency,  roc 

Before 

960.14240 

After 

960.13940 

After  X  hr 

960.13891 

After  1  day 

960.13944 

Both  penetrators  fired  15  min  after  impact.  The  sphere 
was  observed  to  roll  over  a  few  degrees  as  a  result  of 
the  firing.  The  sphere  was  resting  on  the  smooth  concrete 
of  the  Hyge  pit  floor.  Subsequent  measurement  of  the 
angle  between  the  axis  of  the  payload  and  vertical  was 
about  26  deg.  This  is  attributed  to  displacement  due  to 
the  penetrators.  The  postimpact  caging  m(>chanism  func¬ 
tioned  as  it  should. 

The  DPT-5  insulation  was  constructed  identical  to  the 
Ranger  RA-3  units  using  31  layers  of  0.0085-in.  thick 
Dacron  felt  interlined  with  30  layers  of  0.00045-in.  thick 
aluminum  foil  and  0.0048-in.  thick  Dexiglas  paper.  Insula¬ 
tion  muffs  were  sewn  around  ail  holes  and  equator.  A 
preimpact  thermal  test  was  performed  on  the  insulation 
with  resulting  equilibrium  heat  rates  of  2.09  w  at  33°F 
and  2.42  w  at  67°F  while  enclosed  in  the  320°F  vacuum 
chamber. 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


A  postimpact  thermal  test  was  performed  by  removing 
the  insulation  muffs  and  shells  and  installing  them  on  the 
dummy  payload  structure.  The  caging  wires  and  antenna 
coax  were  installed  during  both  tests.  Three  equilibrium 
heat  rates  were  established  during  this  test.  The  first  was 
3.15  w  with  the  dummy  payload  at  199°F  and  the  cham¬ 
ber  at  76°F.  This  approximates  the  lunar  day  enviromnent 
with  the  heat  loss  in  the  opposite  sense.  The  other  2  were 
run  with  a  chamber  temperature  of  —  320°F  with  result¬ 
ing  heat  loss  rates  of  3.80  w  at  68°F  and  3.37  w  at  33°F. 
The  increase  in  postimpact  heat  loss  over  preimpact  can 
be  attributed  almost  wholly  to  the  radiation  foil  surface 
inside  the  shell,  which  was  damaged  by  the  penetrator 
blast.  There  was  no  apparent  physical  damage  nor  appre¬ 
ciable  shifting  of  adjacent  layers  due  to  the  Hyge  impact. 

3.  CqutpmMt  Status 

a.  WeigfUB  and  performance. 

Weight  control.  Latest  revisions  to  the  capsule  weight 
status  are  presented  in  Table  16.  Also  shown  is  the  previ¬ 
ous  evaluation.  The  changes  shown  reflect  redistribution  in 
the  classification  of  potting  materials  and  wiring  in  order 
that  the  categories  be  more  meaningful  in  weight  control. 
Accompanying  this  table  is  Table  17  which  gives  weights 
and  center-of-gravity  stations.  Final  weight  trimming  by 
adjustment  of  the  impact  limiter  weight  has  been 
employed  to  achieve  the  particular  retrovelocity  incre¬ 
ment.  This  weight  trimming  w.  s  not  accomplished  until 
completion  of  the  retromotor  qualification  tests,  which 
provided  accurate  motor  performance  data. 

Performance.  Final  evaluation  of  the  expected  inflight 
performance  for  the  whole  lunar  capsule  system  is  now 
in  proct'ss.  Table  18  gives  current  estimates  of  the  vari¬ 
ances  of  capsule  axial  velocity,  transverse  velocity,  and 
altitude  at  retromotor  burnout.  The  transverse  velocity 
data  for  the  spin  motor  and  retromotor  are  estimates 
based  on  limited  data  and  are  believed  to  be  conservative 
to  a  factor  of  2.  Considerably  more  experimental  and 
analytical  effort  would  be  required  to  refine  these  esti¬ 
mates,  although  further  analysis  continues. 

Mean  values  and  95  percentile  points  are  estimated  as 
follows: 


Parameter  j 

Mean  value 

95  percentile 

Burnout  altitude,  ft 

930 

* 

Vertical  velocity,  ft  sec 

105 

140 

Transverse  velocity,  ft/.sec 

110 

214 

Impact  velocity,  ft  sec 

156 

235 
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TabI*  16.  Lunar  captui*  wuight  tummary” 


CwnaMMnl 

Inpodod 

IA-3 

wolgM,  lb 

Pnvlnan 

coptuln 

wol^l,  ib‘ 

payload 

Survival  iphoru 

Hodroalct,  antanna,  boNorlai 
aod  wiring 

24.0 

24.3 

Strudura,  Iniulatloti  dovIcM 

13.3 

12.7 

Walar 

SaUaauiator 

Bfl 

notallaa  fluid  and  oufor  iholl 

■Bfl 

Survival  iphora  total 

S7.I 

SA.7 

Inipod  llmltar 

32.2 

37.1 

Vlbrollon  dompon  and  damp 

1.0 

1.3 

Sotanco  wolgMi 

0.3 

— 

Control  tlmor,  bottarlai,  and  wiring 

1.2 

1.4 

Motor  knot  ihlnld 

— 

M.S 

Motan 

■ntrarocknt  motof  and  Ignitor 

213.3 

Spin  mntar,  IgnHar  and  attadminnt 

2.3 

Total  wporota  walgM 

312.1 

lu>  uMuntad  agvIpnMnt 

AHInMtar  and  ontanna 

S.« 

AltIniutar  wpporl  and  doplayninnt 

2.1 

2.0 

3.S 

34 

1.0 

0.1 

Hooltkiald 

3.4 

3.0 

Total  lunar  copiulu 

32S.7 

32S.I 

•Ab  99  0999m9b9t  IS*  IMI. 

wlf^t  m  fGpirHrf  (n  SRS  JT-II. 

ToM*  17.  Opurotional  tchuduU  of  woight,  contor 
of  gravity  and  inortia 


Wolgbf, 

lb 

ca-(xiy 

In. 

InatMo 

loll 

n*ib 

Tow 

lounck 

32S.7 

449.2 

3.35 

11.37 

11.13 

Aftaf  taporotlon 

30S.S 

44S.2 

2.31 

9.33 

9.34 

At  burnout 

lll.v 

437.7 

0.12 

3.43 

3.43 

At  intpod 

S«.3 

433.7 

0.67 

0.66 

0.66 

b.  Spin  motor. 

Motor  production.  All  motor  grains  were  cast  in  a 
continuous  production  run  between  October  18  and 
November  10,  1961.  Propellant  for  the  motors  was  mixed 
and  cast  in  1-lb  lots,  using  single  lots  of  constituents 
except  for  the  oxidizer.  Because  of  equipment  limitations 
in  lot  size  for  oxidizer  grinding,  4  diflPerent  oxidizer  grind 


Tabla  18.  Oitpnrsion  asllmala 


Conlrlbullaa  to  burnout  dltpantan,  mu 

Subnydum 

Tronivono 

volodly, 

fl/M< 

Antal 

valaclly> 

ft/MC 

StanI  rongo 
ta  wrfoco, 
ft 

but 

56.6 

20.0 

340 

Mndionlcal  olinuninnl 

10.6 

— 

— 

Ahliii*l«r 

— 

— 

7S 

SGporatlofi  cleiRp 

11.0 

— 

— 

Spin  molar 

33.0 

0.2 

2.0 

^•wGf  fin^ifGRcIng 

oiMnbly 

S7 

lutromolor 

40.3 

16.0 

233 

Soot  Sum  Sguorn 

S9 

25.6 

336 

lots  were  used.  Qualification  test  firings  used  samples 
from  each  of  the  grinds. 

The  manifolds  were  treated  as  a  separate  subassembly. 
At  the  present  time,  all  but  3  of  the  qualification  and  flight 
motor  manifolds  have  been  completed.  The  last  3  are  in 
final  stages  of  assembly. 

Final  assembly  has  been  specified  on  7  motors.  Of  these, 
the  last  5  were  assembled  with  the  sterile  technique. 

Qualification  tests.  Five  qualification  tests  have  been 
conducted.  The  general  specifications  and  results  are  tab¬ 
ulated  below.  All  firings  were  conducted  at  ambient 
conditions.  Firing  results  normal  indicate  no  unusual 
characteristics  of  ignition,  thrust  buildup,  torque  level, 
total  torque  impulse,  or  thrust  unbalance. 


Test  number 
Test  date. 

104 

114 

118 

127 

130 

1961 

11-17 

11-21 

11-27 

12-4 

12-11 

Cast  date 
Oxidizer 

11-10 

10-26 

11-2 

11-1 

10-26 

grind 

Motor  con- 

43 

42 

43 

42 

41 

ditioning 

Special 

None 

Vibration 

Complete 

Complete 

Result.. 

Normal 

Normal 

Normal 

Normal 

Data  not 
reduced 

Motor  installation.  A  number  of  tests  were  conducted 
to  determine  the  load  deflection  characteristics  of  the 
retrotnotor  closure  plug  and  the  spin  motor  under  installa¬ 
tion  loads.  It  was  determined  that  a  preload  of  40  lb  on 
the  spin  motor  will  prevent  rattling  during  vibration  and 
will  not  cause  excessive  loads  on  the  closure  plug. 

Velocity  increment  due  to  z-axis  component.  Total 
torque  impulse  imparted  by  the  spin  motor  is  computed 
from  the  results  of  qualification  firing,  for  which  accurate 
computer  results  are  available. 
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Total  thrust  impulse  in  vacuum 


T.,= 


28,34  X  2.51  1.56 

6.65/12  ^  1.40 


=  142.5  Ib-sec 


Thrust  impulse  on  z-axis  =  142.5  tan  10  deg  =  25.1 
Ib-sec. 


Velocity  increment 

'''  =  35^  = 

At  separation,  the  capsule  weight  =  308.4  lb,  and  the 
Iron  =  2.51  slug-ft,. 

The  spin  motor  characteristics  are: 

Area  ratio  r  =  3.4 

y  =  1.25 

Nozzle  angle  =  10  deg 
Nozzle  radius  -  6.65  in. 


=  1.4  (sea  level) 
Cr^  =  1.56  (in  vacuum) 


c,  Retroroeket.  During  the  period  November  20 
through  30,  1961,  lunar  capsule  retromotor  acceptanc<> 
tests  were  accomplished  at  the  Arnold  Engineering  and 
Development  Center  (AEDC)  test  facility.  The  following 
report  is  a  brief  analysis  of  results  of  these  tests,  and 
a  summary  of  capabilities  of  the  5  flight  motors  for 
variou.'i  lunar  impact  trajectories.  More  detailed  informa¬ 
tion  may  be  obtained  from  Reference  3. 

The  data  presented  indicates  that  performance  is  cxin- 
sistent  with  predictions  of  the  early  analysis.  Some  degrtv 
of  deterioration  of  the  aft  1  in.  of  the  nozzle  cone  was 
observed  in  later  stages  of  burning  (Fig  4).  This  deteriora¬ 
tion  demonstrably  does  not  affect  axial  performance  or 
reproducibility  to  a  significant  degree.  Analysis  has  shown 
the  effect  on  cross  axis  dispersion  to  be  within  acceptable 
limits.  A  relatively  minor  effort  could  result  in  a  fix  for 
this  problem,  but  it  is  not  consider(<d  feasible  or  neces¬ 
sary  for  the  immediate  missions. 

Eleven  iinfired  motors  remain  in  th<'  program.  Five 
are  designated  for  flight  missions,  2  for  surveillancv  fir¬ 
ings  later  in  the  program,  and  the  remaining  4  are  the 
result  of  not  being  able  to  obtain  schedule  time  in  AEDC 
to  fire  12  motors  in  the  acceptance  tests. 

The  fi""  in  the  series  of  8  acct^ptance  tests  was  destroyt'd 
at  6.1  sec  of  burning  due  to  an  obturation  failure  as.s<K'i- 
ated  with  the  pressure  measurement  system.  It  is  con¬ 
sidered  most  likely  that  the  failure  started  in  1  of  the 
pressure  fittings;  however,  the  data  was  such  that  the 


Hgura  4.  Pestfir*  viaw  of  rolroreckol  Motor  45 


exact  start  point  could  not  he  isolated.  All  indications 
were,  however,  that  the  failure  was  not  motor  induced 
and  the  firing  was  considered  no  test  of  the  motor. 

Photographic  riK.-ords  of  the  acceptance  tests  show  that 
the  nozzle  exit  cone  aft  of  the  spin  motor  index  notches 
suffered  deterioration  in  the  later  stages  of  burning.  The 
deterioration  is  characterized  by  flaring  of  the  portion  of 
the  nozzle  aft  of  the  notches  and  subsequent  visible 
breaking  up  of  the  aft  edge  of  the  nozzle.  The  flaring 
starts  nominally  at  60f  of  burning,  and  visible  deteriora¬ 
tion  of  the  aft  edge  commences  at  about  80?  of  burning. 
No  visible  asymmetries  were  detectable  either  in  the 
Raring  or  subsequent  breakup. 

The  9'"  and  10"’  firings  of  the  sc'ries  contained  a 
strengthening  member  of  aluminum  on  the  exterior  of 
the  nozzle  cone.  The  fix  worked  well  on  the  O'"  test 
and  held  the  gi'ometry  throughout  burning.  The  alumi¬ 
num  support  slipped  forward  on  the  lO'"  firing  and 
allowed  flaring  of  the  nozzle  at  about  90?  of  burning. 
Neither  the  9"’  or  10"*  firing  showed  any  significant 
difference  in  axial  p«*rformance.  The  data  will  be  dis¬ 
cussed  later  in  this  report. 

Indications  are  that  the  tipoff  is  acceptably  small;  no 
steps  were  taken  to  reinforce  the  nozzle  for  the  flight  mis¬ 
sions.  Since  tipoff  was  not  measured  in  the  acceptance 
tests,  no  further  treatment  will  b«’  accorded  it  in  this 
report. 

With  the  abov<-  exerptions,  t«'sting  prcKX'eded  satis¬ 
factorily  and  the  motors  performed  as  exfH'cted. 

Velocity  (Iccrcnu’nt  ami  fHiyload.  The  unbraked  velcxi- 
ties  for  Rangers  RA-3,  -4,and  -5  differ  slightly  and  dep«'nd 
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on  the  firing  date.  The  payloads  will  be  adjusted  to  pro¬ 
vide  braking  to  0  velocity  for  each.  It  is  necessary  to 
adjust  the  unbraked  velocity  to  account  for  lunar  gravity 
effects  during  braking.  The  incremental  velocity  correc¬ 
tion  is; 


where 

TB  =  motor  bum  time 

h  =  distance  above  lunar  surface  at  motor  ignition 
gm  =  lunar  gravity  (5.3  ft/sec‘) 

V,  =  average  velocity  of  unbraked  capsule 

Motor  bum  time  for  this  computation  is  the  total  action 
time  and  differs  from  bum  time  as  defined  later  in  this 
report.  The  demonstrated  total  action  time  at  70°F  is 
9.90  sec.  Adjusti**^  to  the  expected  temperature  at  tui¬ 
tion  of  67°F  the  action  time  would  be  9.96  sec. 

Four  trajectories  are  selected.  The  quoted  values  and 
corrections  to  include  Moon  gravity  are  given  in  Table  19. 


Table  19.  Quoted  values  and  corrections 


Nrinf  Sato, 
ISSI 

UnbroliuU  hnpocl 
valucify,  H/m< 

Umar  pravlty 
carrocHMi, 
n/iK 

■•Ira  vulMlIy 
rMivIrs^. 

H/ttt 

ionwory 

SSI4 

23 

SS39 

April 

S694 

23 

S7I7 

Jun* 

SS70 

21 

SS9I 

July 

SS37 

21 

SSSS 

Decremental  velocity  imparted  to  the  capsule  is  obtained 
from 

Vb  =  VM{W,/Wb)  +  V.  (2) 

where 

V B  —  velocity  decrement 

V,  =  motor  exhaust  velocity  =  (/,,  X  g) 

~  initial  weight 
IT^m  -  weight  at  burnout 
y,  =  velocity  imparted  by  the  spin  motor 

Table  20  is  a  summary  tabulation  of  parameters  derived 
from  the  acceptance  test  firings.  The  statistical  sununary 


Table  20.  Summary  of  rotromotor  porformanco  from  Hio  accoptanco  tests 


Iwil 

Q 

hji 

hp»a»4 

wutpM,  lb 

iom 

tlmOy 

•oc 

37 

03 

3I3.AS 

191.24 

194.42 

19.04 

9.490 

0.043 

273.47 

270.92 

44/490 

4707 

31 

04 

214.31 

191.24 

194.49 

20.02 

9.3t4 

0.033 

273.73 

271.14 

49^ 

mSM 

39 

05 

213.94 

191.24 

194.SS 

19.0t 

9.433 

0.033 

273.SS 

270.73 

49/>02 

■SB 

42 

04 

2I4.4S 

191.04 

194.70 

I9.7S 

9.494 

0.030 

274.42 

271.23 

49/423 

4714 

40 

07 

213.41 

191.20 

194.34 

19.34 

9.324 

0.073 

273.42 

271.14 

4S.t74 

4713 

OS 

No  Tool— -protivro  foot  ot  0.2  »oc  onrf  flomo-ovt  ol  ^6 

»oc 

43 

09* 

213.34 

190.03 

193.IS 

20.14 

9.470 

0.04S 

273.94 

271.44 

44^2 

4724 

4S 

10 

214.43 

190.7S 

194.7S 

I9.S7 

9.332 

0.043 

274.10 

270.43 

44^2 

4492 

SMHtNn 


Moon 

OuvIoHmi,  1  » 

Maalmimi 

OavtaHan 

1.,  MC 

273.91 

0.24 

0.31 

If,  ft 

271.04 

0.34 

0.34 

Y.{g  -  32.140  fl/mc’l, 

H/ft 

S7ir 

10 

19 

l.ft 

0.033 

0.011 

0.022 

b.MC 

9.344 

0.04 

0.130 

X,fl 

44,444 

230 

335 

NolQt  Vjl  =  M16  H/mC;  Tp  =  70°F;  WQlfhtl  ot  9 
•Stool  pottody  no  prosswro  roodowt. 

—  n.14S  ft/ioc*.  itdvcHon  of  0.01%  nocotsory  to  odlwtt  for  0  =  39.140. 
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in  Table  20  shows  the  uncertainty  in  exhaust  velocity  to 
be  10  ft/sec.  To  obtain  the  uncertainty  in  velocity  decre¬ 
ment,  Equation  (2)  is  repeated. 

=  (In  &i^  ( J) 

Two  additional  terms  are  required  in  Equation  (3)  to 
represent  the  uncertainty  in  measurement  of  V,  and  the 
uncertainty  in  V,. 

The  measurement  error  contains  not  only  the  instru¬ 
mentation  uncertainty,  but  also  some  error  in  grain  tem¬ 
perature.  The  absolute  instrumentation  error  is  0.12?  1  a. 
An  estimated  value  of  grain  temperature  error  in  the 
tests  of  1°C  1  a  will  be  used.  The  early  estimates  of  mass 
ratio  uncertainty  are  consistent  with  weighing  methods 
and  observed  expelled  weights  and  will  be  used  here. 
Velocity  uncertainty  due  to  mass  ratio  unct^rtainty  is  8 
ft /sec.  A  breakdown  of  the  c'ontributions  is: 


Source 

1  <7,  ft  'sec 

Mass  ratio 

8 

Crain  temperature  (l^C) 

4 

Exhaust  velocity 

9 

Instrumentation 

10 

Total  (rms) 

16 

The  effects  of  grain  temperature  and  the  exhaust  velocity 
are  included  in  data  in  Table  20.  The  contribution  of 
instrumentation  error,  while  very  small,  represt.its  the 
largest  uncertainty  in  the  system;  without  it  the  rms  value 
would  be  13  ft/sec. 

Distance  traveled  during  burning.  The  retromotor  mis¬ 
sion  requires  knowledge  of  the  distance  traveled  during 
the  braking  operation.  A  mathematical  model  was  used 
to  predict  the  distance  and  its  expected  deviations. 
Equations  for  a  vertical  approach  are 

X(/)  X„4  K,/  -  j'  I',  (4,)  J<t,  )  (  I) 


where 

X  -  *  distance  traveled 
X„  -  initial  value  of  distance 
y,,  —  initial  vehK-ity 


t  —  time 

ili.C  =  dummy  variables 

Equation  (4)  is  not  amenable  to  analytical  solution  so  a 
simplified  neutral  burning  model  was  assumed. 

y,  W  =  r«  K,  [  1  +  yJ  --  In  A, ]  (6) 

In  order  to  obtain  the  true  value  of  exhaust  velocity, 
it  is  necessary  to  take  into  account  the  effect  of  air  buoy¬ 
ancy  and  gravity  variation  on  weights  and  the  calibration 
system  at  AEEXD.  The  above  model,  while  useful  for  pre¬ 
dicting  performance,  is  not  adequate  for  flight  missions. 

The  thrust  data  taken  at  AEDC  was  used  in  conjunc¬ 
tion  with  a  calculated  mass  versus  time  to  perform  a 
numerical  integration  of  the  thrust-to-weight  ratio. 

XM  i:  I"  m 

The  system  weight  was  computed  as  follows: 

-  -KF,.(l)  (8) 


r(/)  -  r„  -  X /,  (/)  (10) 

where 

^  (t)  ='  rate  of  weight  expulsion 
K  -  constant 
V'rrp  expelled  weight 
~  vaaium  impulse 
F,-  '  vacuum  thnist 
(/)  -  system  weight 

=  initial  system  weight 

These  weight  computations  assume  a  constant  thrust 
coefficient,  exhaust  gas  composition,  and  combustion  tem- 
jK-ratiire.  A  similar  function  of  motor  chamber  pressure 
could  be  used;  however,  in  this  ease,  the  thrust  data 
is  c«)nsiderably  more  accurate. 

Trapezoidal  integration  of  the  vacuum  thrust  divided 
by  weight  was  performed  at  0.1-sec  intervals  for  each  of 
the  acceptanct*  tests.  Table  20  contains  a  tabulation  of  tbe 
results  with  a  computation  of  deviation.  In  each  case, 
the  inert  weight,  nr  payload,  was  adjusted  to  obtain  a 
veUx'ity  decrement  of  8816  ft  sec.  Minor  variations  in 
pro|X’Ilant  existed  from  motor  to  motor.  It  was  expected 
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that  the  calculated  distance  traveled  would  vary  accord¬ 
ingly;  however,  the  data  available  was  not  sufRcient  to 
establish  a  trend.  Very  likely  the  change  is  so  small  as  to 
be  obscured  by  other  uncertainties. 

An  effort  was  made  to  condition  each  motor  to  a  tem¬ 
perature  of  70°F  prior  to  firing.  It  is  felt  the  conditioning 
was  no  better  than  70  2°F,  however,  and  an  additional 

uncertainty  existed  due  to  dwell  times  in  the  test  wll 
ranging  from  2  to  4  hours  at  temperatures  ranging  from 
65  to  75°F.  Distance  and  bum  time  for  Run  6  are  suffi¬ 
ciently  different  from  tbe  mean  to  suspect  a  temperature 
problem.  A  temperature  difference  of  5°F  would  place 
this  point  on  the  mean. 

Motor  bum  time  and  ignition  time.  Effc-c-ts  of  these 
parameters  are  included  in  distance  data  shown  in 
Table  20  because  distance  integration  was  p<>rformed 
from  receipt  of  the  ignition  pulse  to  complete  burnout 
of  the  motor.  It  may  be  of  some  interest  to  discicss  tlieir 
values  since  both  figured  in  tlu*  early  predictions  of  dis¬ 
tance  deviations. 

Bum  time,  th,  is  defined  as  the  time  from  reiript  of 
ignition  current  to  the  time  when  99.5?  of  total  impulse 
is  delivered.  This  definition  is  taken  to  avoid  some  of 
the  iiistmmentation  uncrrtainty  in  defining  the  time  of 
0  thrust.  Burn  time  then  includes  the  ignition  time. 
A  grain  temperature  uncertainty  of  FC  1  a  (1.8"F)  and 
an  ignition  delay  uncertainty  of  .I.."!  times  10  ’  s«f  1  a 
were  assumed  in  the  predictions.  It  is  exp<’ct«*d  that  tem¬ 
perature  uncertainty  in  the  AEDC  tests  was  consistent 
with  that  estimate;  h<iwever,  the  ignition  unc«*rtainty  was 
observed  to  be  O.OII  sec  1  a. 

Observ»*d  deviation  in  burn  tim<>  is  shown  in  TabU*  20 
to  be  0.08  s<’c  I  <t.  This  vahu>  giv«'s  a  value  of  «listanc«* 
uncertainty  about  twice  as  large  as  that  obtaine<I  from  the 
accH'ptanca-  tests. 

Flifiht  tr''  jtarameters.  It  is  necessary  for  the  flight 
mission  that  payload  capability  for  the  mission  Ik-  sp«*ci- 
fied  to  obtain  correct  decremcmtal  va'lcnity  and  that  the 
distance  traveled  while  burning  tw  s|X'cifi«*d. 

Payload  and  velocity  decrement.  Tlu-  data  in  Tabh'  20 
giv«‘s  exhaust  vel(K'ity  as  8711  ft  sec.  Tliis  value  must 
be  corrected  to  conditions  «>x|K‘ct<-d  in  flight.  Tlu’  correc¬ 
tions  consist  of  (1)  weight,  (2)  gravity,  (.3)  grain  tem|KTa- 
ture,  and  (4)  exp<-lled  weight. 

(1)  Weight.  As  discussed  pn'viously.  the  t(gal  weight 
correction  is  0.02  lb  for  l!ie  total  unit  w*>ight.s 
taken  at  Bacchus.  Tlie  postfin-  weights  were  taken 
at  AEIXI  and  tlie  gravity  value  at  AEIX.  is  used. 


(2)  Gravity.  Gravity  to  be  used  in  V,  calculation  must 
be  consistent  with  that  used  in  the  thrust  measure¬ 
ment  calibrations.  This  value  is  the  AEDC  local 
gravity  32.140  ft /sec. 

(3)  Grain  temperature.  All  units  in  the  acceptance  test 
program  were  fired  at  a  nominal  grain  temperature 
of  70°F.  The  nominal  grain  temperature  at  igni¬ 
tion  for  the  flight  missions  is  expected  to  be  67°F. 
The  sensitivity  of  V,  to  grain  temperature  is 
0.012?/°C;  hence, a  correction  of  —0.02?  is  required 
to  compensate  for  the  lower  expected  temperature. 

(4)  Expelled  weights.  The  average  expelled  insert 
w»*ight  from  Table  20  is  3.56  lb.  However,  the  9"' 
and  10' ''  firings  were  made  with  a  nozzle  reinforce¬ 
ment  which  altered  the  expelled  weight  values. 
It  is  bt'lieved  more  accurate  to  use  the  values  of 
the  remaining  tests  only  for  an  average  of  3.41  Ib. 

The  flight  motors  will  contain  a  spin  support  and  igni¬ 
tion  system  which  is  ejected  at  first  chamber  pressure 
ri.se.  This  weight  is  not  considered  a  retro  weight. 

Utilizing  the  above  corrections  the  observed  8711 
ft  sec,  the  corrected  exhaust  velcK'i^y  for  the  expected 
flight  conditions  is  8710  ft  sec. 

Five*  motors  are  available  for  flight  missions.  Physical 
parameters  of  these  motors  are  shown  in  Table  21. 
Table  22  shows  payload  capability  for  each  of  the  4 
sc*lecti*d  trajeclories 

Distance  traveled  during  braking.  In  order  to  specify 
distance*  traveli'd  during  the  braking  operation  it  is  nec¬ 
essary  to  know  both  motor  grain  temperature  and  the 
vel(K’ity  dc'crement. 

The*  inc>an  grain  temperature  at  liftoff  is  expected  to 
be  72.5'’F;  at  ignition  it  is  expc*cted  to  be  OT'^F.  The 
distance  s«*nsitivity  to  grain  temperature  is: 

-220  ft  “C  - 122  ft  "F  (11) 


Table  21.  Flight  motors 


Orpin 

Cot* 

Total  woifhl, 

Ib 

Noiilo  cImvco 
and  ipln  Iflni- 
lion  ottombly 
wolfM,  Ib 

ProooHo'** 
wolfM,  Ib 

4t 

201 

214.95 

0.36 

191.41 

49 

203 

213.80 

0.36 

190.97 

so 

204 

213.90 

0.36 

191.29 

S2 

208 

214.27 

0.36 

191.32 

34 

200 

214. S4 

0.36 

191.60 

20 
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Table  22.  Flight  meter  perfermance 


Vh 

Oroin 

1139 

8717 

8391 

tsst 

faylaod,  lb 

41 

91.08 

93.S8 

96.18 

96.89 

49 

91.53 

94.03 

96.63 

97.33 

SO 

91.94 

94.44 

97.04 

97.74 

■■ 

91.62 

94.11 

96.72 

97.42 

Ki 

91.79 

94.29 

96.90 

97.60 

Dlslonct  trovtUd,  ft 

41 

49,380 

48,611 

47,818 

47.610 

Not*:  r. 

=  sror,  g  =  31.140  **/««■. 

Figure  6  sliow.s  thi.s  result.  The  mean  value  of  distanee 
taken  from  the  aceeptanee  tests  would  have  to  In- 
increased  by  366  ft  to  allow  for  a  grain  teiiiin-rature  of 
67'’ F.  During  flight,  a  thermistor  circuit  will  In-  us<-rl  to 
bias  the  ignition  signal  to  prov  ide-  for  grain  te-mpe-ratun-s 
other  than  predict«l.  This  tln-rmistor  circuit  will  utili/c- 
the  slope  in  Equation  (11). 

A  typical  motor  c-onfiguration  was  us»-d  to  run  tin-  dis¬ 
tance  integrations  for  «-ach  of  the  4  traje-ctory  velen-i- 
ties  discussed  previously.  Table  22  contains  a  list  of  tin- 
nominal  distance  traveh-d  for  each  of  tin-  available-  flight 
moteirs  at  each  e)f  the-  4  se-le-cte-el  traje-e-te)rie-s. 

The  1  <7  de-viatiem  in  distance  shown  in  Table-  20 
inchide*s  the  e-ffe-ct  e)f  grain  te-inpe-rature-  une-e-rtainty  in 
the  te-sts.  Thi.s  value  is  be-lie-ve-el  tei  In-  alnnit  I'X'  I  n  anel 
c-oincide-s  with  the-  unce-rtainty  expe-cte-el  in  flight.  Fur¬ 
ther  cevntribiitiejn  te)  une-e-rtainty  will  e)ce'ur  as  a  re-sult  of 
e.\hau.st  ve-len-ity  unce-rtainty,  intrenluce-el  by  the  thrust 
me-asure-me-nt  syste-m.  As  eliscus.se-el  pre-viously,  this  valiie- 
is  10  ft  .se-c.  Multiplying  by  the-  partial  de-rivative-  e)f  elis- 


Figure  5.  Grain  tamparatwr*  vs  distance  traveled 


tance  with  ve-le)city,  6.3  X  10  63  ft  fre)m  this  source. 

The  re-sultant  unce-rtainty  is: 

<r,  V  •^■'0"  *  (12) 

ft 

(/.  lAtnding  spheres. 

Survival  sphere  assemhhj.  Most  e)f  the  survival  sphere- 
hardware-  has  be-en  fabricate-d  fetr  Ranfiers  RA-4  and  -5. 
The-  majority  of  sidK-emipements  is  in  an  advant-t-d  state 
e)f  asse-mbly  (Fig  6)  te)  support  the  e-xpecte-d  launch  dates. 

Most  of  the-  survival  sphere  hardware  has  be-en  fabri- 
cate-el  fe)r  Retnge-r.s  RA-4  and  -5.  The  majority  of  sub- 
t-omin)ne-nts  is  in  an  advance-d  state  of  assembly  (Fig  6) 
te)  suppe)rt  the-  e-x|n-cted  launch  dates. 

Capsule  batteries.  Ce)n.sidt-rable  difficulty  persiste-d  in 
pnnlucing  satisfae-te)r\’  batte-rie-s.  Two  difficulties  wt-re 
e-xtant  in  the-  de-sign  pre-vie)usly  te-sted:  electre)lyte  leak¬ 
age,  e-itlu-r  e-xte-mal  e)r  ce-ll-to-ce-ll;  and  breakdown  of  the 
se  parator  mate-rial,  residting  in  de-cre-ased  shelf  life.  Addi- 
tiernal  batterie-s  we-re-  prt-pare-d  incevrporating  design  mexfi- 
fie-ations,  anel  batte-rx-  pe-rformance-  is  now  adequate.  A 
le)ng-t(-rm  discharge-  test  is  be-ing  conducted  on  1  of 
the-  batte-ries  te)  me)r(-  accurately  predict  performance  of 
the-  flight  units  alre-ady  incorpevrate-d  in  landing  spheres. 
Be-cause-  of  the-  lack  e)f  te-st  data  ein  batteries  incorporat¬ 
ing  all  the  design  me)difications.  thi-re  is  a  possibility 


Figur*  6.  Potting  and  foaming  oloctronic  circuit 
boards  in  glovo  box 
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tlial  till'  hallt  rics  iiscd  mi.i\  ikiI  vicld  (lie  lulal  \\  In 
lapaciU  iiiluTciit  in  llit'  dcsii^n, 

I'.xtvnuil  (•(luipiiiciil.  Ilasicallw  all  (lie  i'i|ni|>iiu'nl. 
other  than  propnision  or  landing  spheres,  has  heen  eoni 
pleted  lor  the  I  lanneh  operation.  In  some  eases, 
eqnipnients  to  he  nsed  {in  snlise(|nenl  lanneln-s  ha\e  also 
heen  prodneed. 

.\ll iliicti  rs.  Sincesslnl  eomplelion  ol  thi'  desii;n  piool 
tests  on  l2  units  ol  the  W’ilev  altimeter  was  aeeomplisheil 
with  linal  tests  at  \l)|'’.  I  hese  tests  eonsisted  ol  ,i  low 
lre(inene\  \ihralion  lest  and  .1  deep  space  vnemim  lest 
One  ol  the  2  noils  has  heen  deliveied  to  |l’l.  loi  use 
on  s\slem  tests  in  the  held.  I  he  olhei  is  hcinn  used  in 
Inriher  esalnation  and  as  a  (  iinirol  on  ihe  lest  e(|nipnii'nl 

Delivery  ol  the  (irs|  lliuhl  nnils  was  maile  to 
I  was  shippi  (I  to  Wilt  lor  svsiems  tests  with  the  spai  i- 
(■rail  and  was  used  on  the  l{iiiiii<  r  It  \-.'h 

Siiiijtorl  \liii(  hin  s  holh  sp.ires  .ind  lliuht  units  ol  the 
altimeter  support  and  erei  lion  slim  tnie  and  ol  tin  nioloi 
support  sirm  inre  h.ive  heen  ac  ( cpI.iiK c  li  sted  .Old  ai{' 


leadv  lor  lliuht,  I  he  sepaialion  i  l.imps  and  evlernal  wir 
ini;  .lie  iKinpleled  with  these  sirm  tores  and  are  hein^ 
shi|)|)ed  Id  snpporl  lanm  h  o|ieralions. 

/'oner  iiiiil  sei/nein  in.'.'  iissi  iiihh/  I’rohlems  were  en 
eonniered  in  sealini;  .1  h.ilterv  to  withstand  the  een- 
lrilni;.il  ,ind  vai  nmn  I'liv  ii omneiits.  d  hese  dilheiillies 
have  heen  oveieome  and  satislaelorv  assemhlies  pro- 
dm cd  loi  design  piool  lest  and  lor  llit;hl. 

I’lirniiiil  Kidiiilinn  shiilil.  .’X  sneeessinl  demonsiriilion 
ol  till'  iheim.d  r.idi.ilion  shield  has  heen  aeeomplished. 
\  pii  vions  lest  h.id  denionsi r.iled  the  ihernud  perform- 
.ilKc  ol  the  h.isii  desinn.  This  eonliunr.il ion  was  tested 
in  the  l.nnieh  (desii;n  prool  1  vihration  environment  and 
w.is  ,ii;ain  tested  Innilionallv  lor  relraetion  in  the  deep 
sp.iic  l  ink.  I'innre  7  shows  the  capsule  assemhiv  with 
M.inn.in  el. imp  i;nar(l  in  place,  d'he  ^nard  serves  to 
i  nsnre  the  \lvl.ir  iheimal  shield  does  not  i  ateh  on  the 
M.iini.in  el, imp  dnrint'  ri  li-.n  lion.  I•'i^nr(•  S  shows  tlie 
shii'ld  m  l.nini  h  i  onliuni.ilion  lor  the  desii’ii  prool  vihra- 

llOll  ll'sl 
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E.  High  Resolution  TV 
Experiment 

In  support  of  the  nuiniu'd  lunar  pro^raiu,  one  of  tiu* 
missions  recjuirod  is  a  hi^h  rt'solution  1'\'  exireriinent 
to  bo  incorporated  earl\'  in  tiu'  Runner  project, 

Considerabli'  work  liad  already  been  done-  bi'twt-en 
Radio  Corporation  of  America  and  JPI,  on  the 

vidic-on  erpiipment  developt'd  for  Runners  R.\-3,  -1  and  -5. 
Examination  of  the  problem,  relatiii)'  to  rapid  imple¬ 
mentation  of  a  more  sophisticated  T\'  mission  on  Runner. 
indicated  that  an  extrapolatt-d  development  proftram 
with  RC.A  could  result  in  a  T\'  subsystem  at  an  ••arly 
date.  The  proposed  system  would  provide  a  picture  of 
sufficient  re.solution  to  meet  re(|uiremeiits  of  the  manned 
program.  Accordingly,  a  c-ontrac-t  was  initiated  with  RC.A 
to  provide  a  primary  »‘xp<-riuM‘nt  'I'A'  subsy.stem  to  mate 
with  the  JPI,-pr<Kluced  bus;  this  bus  is  to  be  f‘ss<‘ntially 
unebanged  from  the  seismoiiu-ter  capsule  st'ries.  rtuiigerv 
R.A-6,  -7.  -S  and  -9  were  seh'cted  for  the  high  resolution 
T\’  mission. 

t .  Mission 

The  establishment  of  design  recpiirements  for  v<-hicl<-s 
that  land  and  operate  on  tlu-  surfa(t>  of  the  M<M)n  is 
de|)endent  uixin  an  understai.  ling  of  the  details  of  lunar 
topography.  The  lack  of  ,st'i«'ntific  knowledge  collected 
in  the  lunar  environment  has  haiidicappi'd  development 
and  accx'ptance  of  a  theory  for  the  origin  and  composi¬ 
tion  of  lunar  surfac<‘  features,  Rccaus*'  of  tin-  di.sturbing 
influences  of  tlu'  atmosphere,  the  best  photographs  of 
the  lunar  surface  obtained  from  Earth  are  limite<l  in 
resolution  to  no  mori*  than  about  6(K)  m.  Thus,  it  is 
difficult  to  evaluate  the  nature  of  the  lunar  surfac<' 
environiiu'nt  on  the  basis  of  measurements  made  from 
the  Earth. 

Thus,  the  primary  objective'  of  an  advanc«‘<l  Runner 
mission  will  be  to  obtain  high-cpiality  pictures  of  the 
lunar  surface  at  a  resolution  that  is  .sufTiciently  high 
to  enabh*  an  evaluation  of  the  nature  of  tlx*  (h'tailed 
lunar  surface  features.  Resolution  performance  goal  for 
this  advanced  mi.ssion  shall  be  in  tlu-  range  of  0.1  to 
0.5  m,  providing  the  capability  to  identify  small  surfac«- 
feaOires  that  will  comjirise  the  iuterhice  with  lunar  sur¬ 
face  vchic-les.  Data  obtained  from  these  pictures  can  then 
be  used  to  improve  understanding  of  origin  and  compo¬ 
sition  of  the  lunar  snrf;ice,  and  to  tletcrmine  tlu-  «-lfe»'ts 
of  the  surface  on  lunar  landing  S(-hi<-lc  rc<|uir«-m«-nts. 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


2.  Sysfem  Description 

In  ord(‘r  to  accomplish  this  primary  mission  within  the 
constraints  of  the  existing  Runner  spacecraft  system  and 
supporting  facilities,  a  TV  snbsystem  is  to  be  dt-veloped 
that  will  be  fnlly  compatible  with  the  present  Runner 
spai-ecraft  mechanieal,  thermal,  and  electrical  interface 
re(juirements.  The  major  elements  of  Runner  T\’  payload 
will  consist  of  optics,  television  cameras,  controls,  .se- 
(juencers,  telemetry,  and  transmitters  needed  to  acquire 
and  transform  the  energy  reflected  from  the  lunar  scene 
into  a  \'ideo  signal  for  transmission  to  Earth.  This  equip¬ 
ment  will  be  combined  with  a  space  frame  and  a  passive 
thermal  control  design  to  form  a  fully  integrated  payload 
that  is  dependent  upon  the  Runner  spacecraft  only  for 
the  receipt  of  instructions  through  the  spacecraft  com¬ 
mand  receiver,  and  transmission  of  the  video  signal  over 
the  spacecraft  high  gain  antenna  and  stabilization.  The 
T\'  pa\load  will  remain  structurally  attachc-d  to  the- 
Runner  s|)ac-ccraft  throughout  the  entire  mission  duration, 
and  \c  ill  impact  on  the  lunar  surface  with  the  spacc-craft 
at  conclusion  of  the  mission. 

The-  Runn<  r  T\’  snbsystem  will  be  snpportc-d  on  the 
ground  b\'  special  ecpiipmcnt  at  the  Cloldstone  Spacx* 
( acinmnnications  Station,  which  will  be-  used  to  receive, 
store,  and  rcconstitnte  the  T\'  data  transmittc-d  from  the 
T\  snbsystem.  Additional  ground  support  c-cjuipmcTit  will 
be  re<|nired  at  J!’l„  Oape-  Oanavc-ral,  and  RC.A. 

a.  Desinn-  For  reasons  of  im-chanical  simplicity,  it  is 
dc-sirable  to  use  a  fixed  local  length  optical  system  with 
the-  television  cameras.  With  a  fixe-d  focal  length  optical 
system,  it  is  possible  to  tr.idi-  area  coverage  for  resolution 
as  the  spacecraft  approaches  the-  Moon's  surface-.  In  light 
of  cnvironnic-ntal  rc-cpiircnu-nts  for  tlu-  payload,  weight 
constraints,  and  problc-ms  of  packaging  and  nu-chanical 
intcgr.it ion.  it  is  desirable-  to  e-mploy  the  shortest  focal 
le-ngth.  elioiilric  le-ns  system  e-onsiste-nt  with  mission  re-.solu- 
tion  go.il.  More-ove-r,  the-  use-  of  high  spe-e-d  optics  tei 
minimize-  the-  e-ife-cts  e)f  nnceimpe-nsate-el  image  meitiem 
by  shortening  the-  te-le-xisiein  canie-ra  exposure  time  is  also 
|)ropose-el.  The-  e-onibination  of  the-se  facteirs  siigge-sts  the 
ele-sirability  of  eibtaining  a  final  se'e|uence  of  picture's  at 
a  niinininin  altitiiele-  above-  the  lunar  surface'  tei  satisfy 
the-  high  re-solnlion  of  the-  T\’  missiein.  Then, 
pietnre-s  t  a  k  e- n  .it  all  ])rior  altitude's  will 
e'lie-einipass  a  gre-ate-r  siirfaee'  are-a  at  a  corre-spemelingly 
re'elne-e-el  re'seilntioii.  The-  ininininni  altitude  for  the  final 
|)ie'ture-s  is  ele-te-rmiiie-el  by  the'  time'  re'e|uire'el  tei  reael  eiiit 
the-  viele-ei  elata  from  the  te'le-x  ision  e-amera,  anel  the  space- 
e-raft  te-rminal  ve-loe  ilx'.  The'  ininiiniim  altitiiele,  anel  thus 
the-  higlu'st  re-solulion  with  a  gixi'ii  optieal  system  anel 
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camera  design,  will  he  obtained  by  ininiinixing  the  canx'ra 
readout  time.  However,  the  minimum  readout  time  is 
also  constrained  by  the  number  of  scanning  lines  (or  line 
density)  required  to  provide  the  desirc>d  camera  resolu¬ 
tion,  and  by  the  maximum  permissible  system  video 
bandwidth.  In  the  Ranaer  T\'  payload,  the  simultan(H>us 
goals  of  high  line  density  and  minimum  readout  time 
are  achieved  by  the  use  of  a  special  metluKl  of  ra.ster 
formation  with  a  high  resolution,  1-ineh  vidicon  TV 
camera.  Minimum  readout  time*  is  achievt-d  in  camera 
by  reading  only  the  central  200  lim>s  of  a  nominal  800  tele¬ 
vision  line  raster. 

The  spacecraft  T\’  subsystem  functional  block  diagram 
is  shown  in  Figure  9.  Th<-  T\’  subsystem  consists  of  6 
slow-scan  vidicon  cameras,  a  control  programmer  and 
camera  sequenct*r,  a  telemetry  system,  a  2  channel 
transmitting  system,  and  a  hatt<'ry  power  supply  with 
asscKiated  voltag<‘  regidators.  Tlie  camera  parameters 
and  the  system  interconnections  reflect  tin-  system  design 
goals  of  (1)  obtaining  a  high-cpiality  television  picture  of 
the  lunar  surface*  at  a  resolution  of  about  0.2  m  |M‘r  optical 
line  pair;  (2)  obtaining  reasonahh-  n(‘sting  of  a  seepience 
of  television  pictures,  starting  from  a  resolution  of  approx¬ 
imately  .350  m  |XT  lint*  pair;  ;ind  (3)  obtaining  wide*  an*a 
coverage  of  the  lunar  surfat*t*.  .\noth<*r  desirable  go:»l 
achieved  by  the  syst<*m  d<*sign  is  to  obtain  a  ctilor  iinagt* 
of  the  lunar  surface. 

The  communication  system  is  dt*signt*d  to  inakt*  opti¬ 
mum  use  of  a  2-mc  b;indwidth  alltnation  c<*ntt*r<*d  ;it 
960.0  me,  within  which  a  channel  allocation  of  80  kc 
c<*ntered  at  960.05  inc  is  n*(piired  for  th<*  lH*acon  trans¬ 
mitter.  The  allocation  (Fig  10)  thus  consists  of  2  bands 
of  approximately  1  me  t*acli,  utili/(*d  by  2  tran.smitters: 
1  cent<*r(*d  at  959.5  me  and  tin*  otlu*r  ;it  960..5  me. 

The  first  df*sign  goal,  of  obtaining  high  resolution  pic- 
tur(*.s,  is  achi(*ved  by  a  syst<*m  of  4  t<*l(*vision  cam<*ras  oper¬ 
ating  at  a  fram»*  rate  of  5  cps,  and  having  a  usable 
resolution  of  .35  optical  line  pairs  p<*r  mm.  The  cameras  an* 
(*xpo.sed  sequentially  and  whih*  1  camera  is  b«*ing  n*ad 
out,  the  r(*niaining  3  ;ir«*  b(*ing  <Tas«*d  and  pr«*par«*d  for 


959.0  me  959.5  me  960.0  me  960  05  me  9605  me  9610  me 


Figura  10.  Systam  bandwidth  allocation 


the  next  se(pu*nce  of  i*xpo.sures.  At  the  impacting  velocity 
of  2700  m/s(*c,  and  with  a  propo.sc*d  76-mm  camera  lens, 
the  system  has  gcHnl  probability  of  obtaining  a  full  tele¬ 
vision  picture  at  a  resolution  of  0.2  m  per  line  pair.  The 
last  sc*quenc«*  of  4  picturt*.s  will  have  resolutions  varying 
from  0.8  to  0.2  m  per  line  pair  and  will  include  a  16-to-l 
variation  in  art*a  coverage.  Cameras  1  through  4,  the  par¬ 
tially-scanned  cameras  (Typt*  P),  provide  these  last  4 
t<*h*vision  picturi*s,  which  art*  scanned  out  and  trans¬ 
mitted  in  n*al  tim»*  within  an  RF  bandwidth  of  about 
1  me.  Cumi*ra.s  1  through  4  are  pi^rmanently  connected 
to  Transmitter  2.  Tlu*se  highest  resolution  pictures  are 
considt*red  to  b«*  most  important  to  the  total  Lunar  Pro¬ 
gram;  th(*ri*fore.  r(*dundant  transmission  of  the  pictures 
from  thesi*  4  cameras  through  the  additional  channel  of 
Transmitter  1  is  provided  during  the  final  minute  of  the 
tt*rminal  mexh*  of  operation.  This  is  achieved  by  a  pre- 
programm(*d  switching  command. 

Tlx*  d<*sign  goal  for  the  nesting  feature  is  to  obtain  a 
final  set  of  pictur(*s  whieh  can  lx*  located  on  present-day 
lunar  maps.  The  initial  pictures  will  be  taken  at  10  min 
from  impact  at  an  altitude  of  about  1.300  kilometers. 
Their  r(*solulion  will  lx*  of  the  order  of  .350  m  per  line 
pair  ;md  will  enable  tlx*  photointerpret(*rs  to  locate  these 
images  on  tlx*  available  lunar  maps.  Each  subsequent  set 
will  increase  the  n*solution  and  will  permit  location  by 
referenct*  to  tlx*  pr»*vious  .st*t.  This  tt*chnique  of  picture 
liK-alion  will  proc<*tKl  to  tlx*  final  sc*t  where  the  highest 
resolution  teh*vision  pictures  will  then  lx*  xx-ated,  pt*r- 
mitting  a  mori*  mi*aningful  interpretation  to  be  made  of 
tlx*se  iimiges.  set  of  2  fully-scanned  cameras  (A  and  B) 
is  includ(*d  to  ensun*  that  this  technique  of  nesting  is 
achi«*\ed.  Tlu*.se  caiix*ras  ha\'e  a  frame  time  of  2.56  sec, 
and  tlx*  saux*  line  di*nsit>'  as  the  partially-scranned  cam¬ 
eras.  Using  the  pro|X)s<*d  76-mm  lens,  they  can  account 
for  ;i  largc*r  ar<*a  cos’erage  of  16-to-l  over  that  of  the 
])artially-sc;mne<l  '’■imeras.  Thus,  both  nesting  and  wide- 
ar(*a  co\erag«*  are  achit*ved  with  this  arrangement. 

The  arrang«*nx*nt  of  the  fit*lds  of  view  of  Cameras  1 
through  4  and  of  Camera  \  is  shown  in  Figure  11.  These 
overlapping  fields  ensure  that  the  4  partially-scanned 
came*ras  are  centen*d  on  the  velocity  vector.  Moreover, 
tlx*  ovi*rlap  Ix'tween  the  fully-scanned  camera  and  the 
partially-scanned  cameras  will  help  locate  each  frame 
in  the  prcs’ious  nest  of  pictures.  C;uner;i  A  and  B  (Tyix*  F) 
arc*  alternately  scann(*d  and  erast*d.  and  their  real-time 
rt*adout  is  contain(*d  in  the  1-mc  RF  bandwidth  of  Trans- 
mitti*r  1.  Camera  B  is  point(*d  at  ;in  angle  of  30"  from 
(auiu*ra  A.  It  is  pr(*sc*ntly  l<K*att*d  on  the  V  axis,  but  its 
field  of  view  c'ould  lx*  changed  to  plus  or  minus  angles 
from  this  axis,  as  required.  Tlx*  purpose  of  this  high 
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Figure  1 1 .  Terminal  phase  optical  geometry 


oblique  field  of  view  is  t(»  accxiniplisli  tlu*  with-  iir«*a 
eovera^'e  shown  in  Figure  12. 

In  the  early  phases  <if  the  terminal  iikkIc,  the  picture 
scale  changes  by  a  small  percentage  bctw<‘«‘n  «'x|K)surcs 
of  the  fully-scanned  cameras.  To  obtain  additional  lunar 
data  during  this  largely  redundant  picture-taking  phase, 
it  is  planned  to  equip  Cam<-ra  .\  with  a  .set  of  color  filters. 
Sequential  exposures  made  through  a  bhu'.  a  green,  and 
a  red  filter  will  permit  a  color  photograph  to  lx*  pnahux'd 
on  the  ground  from  an  overlay  of  these  .3  images. 

The  system  block  diagram  (Fig  ?))  .sh(»ws  the  signal 
flow  as  well  as  the  etpiipment  packaging.  Cam<’ras  1 
through  4  have  identical  vidicx)n  as.semblies.  AttaeluHl 
to  <-aeh  as.sembly  is  a  preamplifier,  a  I  .O-tus  shutt«-r.  aiul 
a  76-mm  lens.  F.aeh  vidicon  as.sembly  is  driv«'n  by  cir¬ 
cuitry  including  the  deflection  ani])lifier.s.  video  amplifiers, 
and  the  vidicon  power  supply  (contained  in  the  camera 
electronics  box).  Cameras  A  and  H  have  similar  •  ulieon 
assemblies,  preamplifiers,  and  lens  sysh'ins.  The  shutters 
are  larger  to  aeeomiiKKlate  the  larger  imagi'  format  and 
have  exposuri’s  of  5-ms  duration.  Their  eauiera  eh'ctronir's 


are  physically  similar,  with  circuits  modified  to  accom¬ 
modate  the  fully-scanned  camera  parameters. 

The  6  cameras  are  provided  with  raster-forming  syn¬ 
chronizing  signals  and  an-  .serjuenced  through  exposure, 
read,  and  erase  cycles  by  the  camera  sequencer.  The 
serpumcer  derives  its  time  base  from  a  crystal-controlled 
18-kc  o.scillator,  utilizing  binary  counters  and  gates  to 
provide  interlocked  horizontal  and  vertical  synchroniz¬ 
ing.  rc'atl  and  erase  cycles,  and  shutter  puls<‘s.  Tlie  clock 
countdown  provides  a  convenient  way  to  establish  the 
preprogrammed  power  amplifier  turn-on  and  the  com¬ 
mands  for  switching  between  Cameras  A  and  B.  The 
se(juencer  contains  a  backup  ery.stal-controlled  oscillator 
which  can  substitute  for  tlu*  primary  o.scillator  and  which 
has  .separate  counting  chains  and  power  supplies  for 
Cameras  .A  and  R  and  Cameras  1 .  2,  .3.  and  4. 

The  general  system  philo.sophy  of  using  repetitive  cam¬ 
era  units  and  dual  transmission  channels  to  achieve  a 
high  ))robability  of  erpiipment  o|X*ration  is  further  .serv<>d 
by  including  a  tree-running  capability  in  Camera  1.  This 
capability  is  provided  bv  a  programmer  which  can  sup¬ 
ply  all  synchronizing  and  sequencing  signals  to  Camera  1 
in  the  (‘sent  of  a  se(pienci*r  failure*.  Limiting  this  circuit 
to  only  1  came*ra  is  n(*c(*ssar\’  lu'catise  of  the  additional 
comi)on(*nt  w(*ight  and  circuit  compl(*xity  involved.  The 
int(*nt  of  this  ft*atur(*  is  to  provide  marginal  system  ooera- 
tion  in  tlu*  (*vent  of  .seqiu*nccr  failure*. 

The*  viele*e)  euitputs  of  the*  6  cameras  are  fe'd  te)  the 
viele*e)  ce)inl)ine*rs,  whe*re*  tones.  vide*e).  and  .synchronizing 
signals  are*  com)U)se*el  into  the*  syste'in  standarel  after  the 
appreejiriate*  ame)unt  e)f  emphasis  has  been  exacted.  The 
e-ommanel  switc*h  e'e)nne*e*ts  the*  system  commands  re*ceived 
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through  the  spaei'craft  interface  to  tlie  appro])riate  sys¬ 
tem  elements.  The  first  p''  ;ition  of  the  command  switcli  is 
used  for  the  warmup  command,  which  is  sent  1.5  min 
prior  to  impact.  This  command  is  stored  as  a  backup 
command  in  the  central  computer  and  seipiencer  (fX;&S). 
.4n  emergency  h'li'inetry  command  occupies  the  2'"'  jiosi- 
tion  of  th»‘  command  switch  and  can  Im  s<>nt  anv  time 
recjiiired  after  a  warmup  command  has  hec'n  sent.  The 
emergency  tidemetry  command  is  followed  by  a  retiirii-to- 
cam<‘ra-\'ideo  command  in  the  .3"'  position  of  tlu*  switch. 

Other  system  setpiences  arc*  derived  from  storecl  pr<“- 
programmed  commands.  The  crui.se-iiKKle  telemetry  com¬ 
mand  originates  in  the  C;C&S.  Tlu*  pow«T-amplifi<‘r-on 
cs)mmand  is  supplied  after  thc‘  proper  count  from  tla- 
camera  sequencer,  with  a  backup  from  tlu-  CX'.ttS. 
The  camera  switchover  command  is  derive<l  from  the 
sequencer. 

Provision  is  made  to  permit  system  testing  with  or 
without  a  spacecraft,  as  well  as  for  tj'sts  on  the  launch 
pad  with  a  hard  line  to  the  T\’  sidisystem.  Small  eh-ctric 
lamps  will  h<-  incor|)orated  in  the  Lockheed  shroud,  eadi 
one  so  jiositioned  that  it  lies  along  the  o|)tical  axis  of 
1  of  the  6  T\’  cameras.  Tlu‘s»'  lamps  woidd  Iw  physically 
located  b<‘tween  the  innc’r  and  out»‘r  walls  of  the  shroud 
with  small  hoh's  in  the  innt'r  wall  to  allow  light  from 
each  source  to  shine  on  a  T\'  camera.  Tlu>  [rower  .soiirc«* 
will  h<‘  the  (•xternally  sup|)lied  28  \'  to  the  spacecraft 
allowing  the  lights  to  lx-  energized  at  the  .same  time 
as  the  spacecraft  is  on  for  test  pur|X)se.s.  This  departure 
from  normal  prelaunch  test  philosophy  (calling  out  i.iini- 
mal  tests  only)  was  deenu'd  advisable,  since  the  T\'  sub¬ 
system  is  tlx*  |)rime  purpose  of  tlu-  mission  and  a  light 
source  for  each  camera  gives  a  rather  compreh<msiv»‘ 
check  on  cameras,  amplifiers,  swei'p  circuits,  and  sync 
circuits.  In  this  case  a  light  source  will  p<*rmit  a  Ix-tter  T\' 
subsystem  <-valuation  than  would  many  hard  lines  for 
stimulating  and  monitoring. 

The  tr-lemetrx'  subsystem  consists  of  c-rui.s«*  mode 
telemetry  eh-ments  as  well  as  more  d«*tailed  diag¬ 
nostic  telemetry  elements  for  the  terminal  phase  of  the 
mission.  A  1,5-point  sampling  switch,  operating  at  a  rate 
of  1  point  per  sec,  samph-s  critical  lem|)eratures  and  v<»lt- 
ages.  Tlie  output  of  this  switch  is  )is<-d  to  drive  a  Channel 
8,  IRIC  subcarrier  oscillator.  An  ac  amplifier  and  a  trans¬ 
former  connect  the  output  across  the  spac«-craft  int«'rfac<\ 
where  it  is  mixed  with  other  telemetry  for  transmission 
over  the  bus  beacon  transmitter. 

During  the  terminal  mode,  a  iK)-|)oint  .sanqding  switch, 
operating  at  a  rate  of  .3  points  per  sec,  .samples  th<' 
TV  subsystem  paratneti'rs.  The  switch  outiiut  is  userl  to 


drive  2  voltage-controlled  oscillators  (225-kc)  connected 
in  parallel.  These  2  outputs  are  connected  so  that  1  VCO 
is  mixed  with  the  video  at  Modulator  1  and  the  other  at 
Mixlulator  2.  Tin*  \'CO  fre([uency  was  chosen  so  that 
it  is  located  above  the  highest  video  frequency  in  the 
base  band  of  the  system. 

In  emergency  mode,  tlie  video  signals  are  switched 
out  and  the  90-point  telemetry  is  used  to  modulate  each 
of  the  transmitters  directly.  A  possible  condition  requiring 
eiiMTgency  ti‘lemetry  would  occur  if  video  transmission 
wer<*  interru|)ted,  and  it  became  necc-ssary  to  determine 
whether  the  TV  subsystem  was  nonoperational  or  the 
high  gain  antenna  xs’as  not  locked  to  the  Earth.  A  reduc¬ 
tion  of  -to  db  at  the  ground  receivt'r  would  suffice  to 
accommixiate  the  telemetry  bandwidth  and  would  com- 
[M-nsate  for  signal  loss  [xissible  if  ri*ception  were  from 
the  back  lobe  of  the  spacecraft  antimna.  The  result 
would  lx-  a  usable  signal-to-noise  ratio  for  the  telemetry 
information. 

The  temperature  .sensor  in  Figure  9  is  part  of  the 
telemc'trx  sxstc'in.  Several  spacecraft  and  subassembly 
temperature's  an*  nx'asured  by  thermistor  circuits  and  are 
connected  to  tlx'  pro|X‘r  analog  voltage  for  the  telemetry 
sam])ling  switch. 

The  communication  system  consists  of  two  60-w 
L-band.  FM  transmitters.  Tlx*  imxlulating  signal  consists 
of  tlx-  camera  \i(h*o  and  tlx‘  teleme'try  subcarrier.  The 
transmissions  of  the*  2  systems  combined  in  a  4-port  hybrid 
combiner  with  tlx‘  beacon  output  of  the  transmitters  are 
beamed  toward  the  Earth  from  the  spacecraft  high  gain 
ant(‘nna.  Ib'ception  at  Cloldstone  is  effected  with  an  85-ft 
parabolic  antenna  «'t[ui|>|X'd  with  an  L-band  maser  pre¬ 
amplifier.  Within  the  parameters  of  this  system,  the  60-w 
transmitters  provide  a  substantial  power  nxirgin  above 
tlx'  receiver  threshold;  the  resulting  video  signal-to-noise 
ratio  will  prcxhice  a  high  quality  TV  picture.  Design  of 
tlx‘  communication  systr'in  will  permit  reception  at  an 
alternate  antenna  siti-  at  Goldstone,  which  is  equipped 
with  an  b-band  parametric  amplifier.  The  power  margin 
at  this  alternate  sit<>  will  be  reducx'd  by  .3  to  4  db,  but 
will  be  usable. 

h.  Flight  sequence.  The  nominal  trajectories  for  the 
/Ixiiger  T\'  flights  will  employ  a  nearly  vertical 
(h'seent  to  the  lunar  surface.  In  transit  from  the  Earth  to 
tlx-  vii'inity  of  the  Mexm,  the  Ranger  will  fly  in  a  Sun 
oriented  attituch',  with  the  spacecraft  solar  cell  panels 
]M‘r|X’ndii’ular  to  the  rays  of  the  Sun.  Thus,  the  optical 
axis  of  tlx'  teh'vision  cameras  will  be  fixed  in  vehicle 
body  coordinate  system.  When  the  spacecraft  reaches 
the  vii'inity  of  the  M(X)n,  it  will  undergo  a  commanded 
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terminal  maneuver  to  aline  the  optical  axis  of  the  tele¬ 
vision  cameras  with  the  spacecraft  velocity  viH-'to*-  for 
descent  to  the  lunar  surfact*. 

The  initial  command  to  the  TV'  rmbsystem  will  occur 
2.5  hr  after  the  mid-cour.se  maneuver,  18.5  hr  aftt>r  launch. 
This  command  will  oriffinate  in  the  CC&S,  and  will  turn 
on  the  cruist'  mode  (Chanmd  8)  telemetry.  At  a  time 
corresponding  to  15  min  before  impact,  the  complete  TV 
subsystem  will  bt*  turned  on  in  a  warmup  mikle  by  a 
real-time  command  from  the  DSIF.  Provision  will  lx* 
made-  for  a  CC&S  backup  c-ommand  to  support  the  real¬ 
time  command  for  warmup  of  the  payload.  The  TV  sub¬ 
system  will  be  turned  on  in  a  full  power  mo<le  10  min 
before  impact  b\'  an  internally  generated  command  from 
the  RCA  control  programmer.  This  internally  generat**d 
full-power-on  command  will  be  supportixl  by  a  backup 
command  from  the  spaweraft  CC&S.  At  1  min  before 
impact,  the  video  data  from  the  Typ<*-F  cameras  will  lx* 
switched  out,  and  tlx'  data  from  the  4  Type-P  cameras 
will  be  transmitted  over  both  channels.  Tliis  camera 
switchos'er  will  he  accomplished  by  an  internally  gener¬ 
ated  command  from  the  contr<»l  programmer.  In  the  event 
of  loss  of  spacecraft  stabilization  or  high  gain  antenna 
lock,  a  rt'al-time  command  will  lx*  used  to  switch  the  TV 
subsystr’in  into  an  emergency  telemetry  mrxle.  In  the 
emergency  tel«-metr\'  m<xle,  the  TV'  subsystem  terminal 
telemetry  data  is  transmitt(‘d  ov<*r  the  high  gain  antenna 
using  full  transmitter  power. 

3.  Ttsf  and  Optrations  Schodule 

Ba.sed  on  the  assumption  that  RA-5  may  be  the  1“' 
of  the  high  resolution  TV  experiments,  RA-5  is  .scherluled 
to  begin  assembly  on  March  19,  with  test  op«*rations 
scheduled  to  start  .Vpril  2.3.  This  assumption  places  the 
most  stringent  time  recpiirements  on  the  program  scherl- 
uling. 

RCA  will  deliver  2  sets  of  tlieir  system  test  CSE  to  JPL. 
The  3"'  set  that  will  be  needt>d  for  AMR  op<*ration.s  will 
lx‘  utilized  by  RCJA  during  checkout  of  flight  hardware  at 
their  Astro-Electronics  Division  (AED),  and  will  lx* 
shipped  to  AMR  in  time  t*)  participate  in  test  op<-rations 
of  RA-5.  Though  this  is  in  c^rntradiclion  to  normal  n>quire- 
inents  that  all  portions  of  tlu-  system  te.st  complex  lx‘ 
checked  otit  and  utiliz(’<l  together  at  JPl.,  more  is  to  lx- 
gained  by  having  the  equipment  available  to  RCA  for 
checkout  of  flight  units  over  a  longer  period  of  time  than 
having  the  CSE  participate  in  JPL  test  operations.  The 
RCA  (  (piipment  has  a  minimum  of  electrical  interfaci* 
with  the  rest  of  tiu  system  test  complex  aiul.  as  such. 


compatibility  with  tht^  TV  subsystem  is  of  more  conse- 
(pience  than  test  complex  operation. 

It  is  planned  to  use  the  engineering  te.st  model  (ETM) 
to  system  test  the  checkout  equipment  as  well  as  to  prove, 
under  continuing  operating  conditions,  the  design  concept 
of  the  TV  subsystem  itself.  Upon  completion  of  checkout 
equipment  integration  at  AED,  the  ETM  will  be  available 
for  a  perirxl  of  time  to  expedite  the  installation  and  check¬ 
out  of  checkout  l^nit  2  at  JPL.  Availability  of  the  model 
at  that  time  would  materially  shorten  the  period  required 
to  start  testing  of  the  PTM. 

In  an  eflFort  to  expedite  the  delivery  of  qualified  sub- 
assemblic-s,  some  departure  from  the  initial  ETM-PTM 
flight  units  concept  has  been  permitted.  Although  this 
new  concept  will  mean  quicker  delivery  of  qualified  com¬ 
ponents.  it  is  achievt*d  at  some  expense  in  the  time 
required  to  arrive  at  full  integration  of  the  ETM,  as 
originally  plannixl.  At  present,  it  is  planned  to  use  bread¬ 
boards  in  tb(‘  ETM  to  as  great  an  extent  as  possible.  This 
plan  will  p<‘rmit  construction  of  an  electrical  model  for 
list'  in  evaluating  the  ground  checkout  system,  in  perfect¬ 
ing  testing  techniques,  and  in  generating  test  procedures 
ieflr‘cting  these  techniques. 

The  system  test  complex  will  be  set  up  in  a  manner 
similar  to  that  utiliz(>d  on  Rangers  RA-3  and  -4.  The  addi¬ 
tion  of  13  racks  of  RCA  equipment  will  consist  of:  7  racks 
for  final  picture  rec^wery  and  recording;  2  racks  for  TV' 
subsystc'in  simulation,  monitoring,  and  control  (hard 
line);  and  4  racks  for  receiving  equipment. 

.Sinci'  the  flight  TV'  subsystems  for  tbe  1*'  spacecraft, 
and  partial  I'quipment  for  the  2'"'  spacecraft,  will  not 
arrive  until  well  along  in  the  spacecraft  test  phase,  the 
R(;,\  electronic  nxK'kup  and  proof  test  model  (PTM)  sub¬ 
systems  will  not  arrive  in  time  for  the  1"  few  weeks  of 
R,'\-5  at  JPL,  and  for  the  initial  test  operations  of  RA-6. 
The  PTM  subsystem  will  have  to  handle  initial  testing 
of  the  following  spacecraft  also  as  the  flight  TV  sub¬ 
systems  will  not  arrive  in  time  for  the  1”  few  weeks  of 
testing.  It  is  planned  that  the  RCA  temperature  test 
mockup  together  with  a  temperature  test  spacecraft  be 
utilized  in  the  25-ft  space  simulator  in  March  1962.  It  is 
considered  mandatory  that  this  test  be  made  sometime 
before  an  actual  flight  Ranger  spacecraft  is  subjected  to 
this  environment. 

4.  Basic  Structure 

The  mechanical  design  of  the  TV  subsystem  basic 
structure  has  been  established  to  tlx*  extent  that  assembly 
aixl  detail  drawings  have'  been  prepared  for  the  structure. 
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These  drawings  reflect  some  changes  in  design  brought 
about  by  a  rearrangement  of  the  6  cameras,  and  rehK-ation 
and  method  of  inserting  the  batteries  onto  the  stnicture. 
Final  drawings  for  the  complete  structure  were  released 
to  Lavelle  Aircraft  Corporation,  the  structure  subc'ontrac- 
tor,  November  1961. 

A  full-scale  plastic  model  of  the  structure  has  l>een 
fabricated.  The  full-scale  model  will  be  used  to  verify 
location  of  equipment  on  the  structure  and  as  a  guide  in 
the  assembly  of  the  actual  structures.  A  preliminary  stress 
analysis  has  been  completed  for  the  central  box  column, 
the  thermal  shield,  and  the  TV  subsystem  mounting 
attachments. 

A  drawing  of  the  stnicture  is  shown  in  Figure  1.3.  The 
batteries  are  located  in  the  lower  bays,  and  inside  tin- 
rectangular  box  frame.  Excvpt  for  the  batteries  ami 
camera  electronics,  the  equipment  subassemblies  art- 
mounted  between  the  thennal  shroud  and  the  box  struc¬ 


ture  exterior.  Removable  panels  in  the  rectangular  box 
structure  are  not  required  with  this  arrangement,  thus 
providing  a  more  rigid  box  structure. 

The  thermal  shroud  is  a  0.032-in.  thick,  and  is  designed 
to  carry  part  of  the  structural  load.  The  shroud  is  fabri- 
cati-d  in  4  quadrants.  Of  the  quadrants,  2  are  permanently 
fastened  to  the  assembly;  the  other  diagonally  opposite 
({uadrants  are  removable  for  acct-ss  to  the  interior  for 
insp<‘ction,  n-moval,  and  replacemc-nt  of  equipment. 

A  detailed  weight  analysis  of  the  structure  was  com- 
pl(-ti-d  using  the  final  assembly  drawings.  Results  of  the 
analysis  indicate  a  wc-ight  of  approximately  75  lb  for  the 
structuri-  and  thermal  shield.  E)i-sign  efforts  aimed  at 
reducing  the  weight  of  the  striic-ture  and  thermal  shield 
have-  bi-t-n  initiated  on  a  noninterference  basis  with  the 
structure-  delivery  schedule. 

The-  initial  structure  and  thermal  shield  will  be  used 
in  flu-  mi-chanical  test  model.  In  order  to  expedite 
delivery,  l>avelU-  has  b<-t-n  instmeted  to  deliver  this 
structure-  and  thermal  shield  without  any  special  surface 
tre-atment.  The  third  structure-  and  thermal  shield  will  be 
use-d  in  the-  e-ngine-ering  model,  and  all  aluminum  alloy 
parts  will  be-  aneulizi-d.  The-  thermal  shield  for  the  2"'* 
unit  (thermal  te-st  me)de*l),  4"'  unit  (proof  tt*st  mexlel),  and 
I'nifs  5,  6.  7.  and  8  (flight  models)  will  be  cleaned, 
jvilishe-el,  and  biiffe-d  on  both  sides  to  provide  a  bright, 
mirreir-like*.  re-fle-ctive-  surface-.  The  remaining  parts  of 
the-se  structure's  will  be-  anexli/ed. 

.\  pre-liminary  stre-ss  analysis  has  been  completed  for 
the-  critical  e-le-ments  e>f  the-  structure.  Results  of  the 
analysis  ve-rify  that  the-  design  is  stnicturally  sound; 
he)we-ve-r.  a  de-taile-d  stre-ss  analysis  is  bt-ing  made. 

5.  Eftcfronic  Siihsyticms 

a.  TV  camerar  In  orde-r  te>  ensure  me-eting  the  requiri-d 
de-live-ry  sche-dule-,  the  eiriginal  camera  de-sign  was  based 
on  pre-vieuis  e>pt-rating  systems.  However,  as  the  design 
stuely  has  progresse-d,  it  has  bec-eime  evident  that  more 
change-s  tluin  were-  eirigineilly  planned  would  be  necessary 
in  eerele-r  fee  nu-e-t  the-  re-ciuireme-nts  e)f  the  Ranker  T\’  sub- 
syste-m.  .Additional  pe-rsemnel  have-  Ix-en  assignt-d  to  the- 
caine-ra  e-le-cfremics  in  the-  RCA  Camden  facility.  This 
grenip  will  ceunplete  tiu-  de-sign  eif  the  circuits  and  their 
packaging,  and  fabrie-ate-  the-  units. 

l.ayeiut  and  hibricatiem  eif  breadboard  mexle-l.s  for  the 
e-ngine-e-ring  nuKlel  are-  e-sse-ntially  e-ompleted.  As  seuvii  as 
the-se-  beiarels  are-  te-ste-el,  the-y  will  be  e)perate-el  with  a 
ye)ke--vielicon  asse-mbly.  This  eipe-ratiem  should  furnish 
re-elesign  infeirinatiem  for  tlie-  preuif  test  meiele-l. 
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After  the  fabrication  and  testing  of  the  first  3  cameras, 
subsequent  layout  and  fabrication  (incorporating  the 
necessary  changes)  will  be  made  using  printed  circuits 
with  the  printing  on  the  component  side. 

The  television  ecjuipment  consists  of  six  1-in.  vidi- 
con  cami'ras.  Of  these  cuuu'ras,  2  are  fully  scanm^l 
producing  a  resolution  of  800  TV  lines 
over  a  tube  format  of  0.44  by  0.44  in.  with  a  side  field 
coverage  of  8.4  deg.  A  rcducx'd  raster  is  utilized  by  4  of 
the  6  cameras  scanning  a  0.11-  hy  0.11-in.  ct'ntral  portion 
of  the  tube  at  approximately  the  same  line  density  to 
produce  a  resolution  of  200  TV'  lines.  The  side  firdd  of 
view  is  2.1  deg  and  is  achieved  with  the  same  focal  length 
lens  as  specified  for  the  fully-scannetl  cameras.  This  leads 
to  a  natural  designation,  Type-F  camc'ras  h)r  fully 
scaunwl  and  Type-P  for  partialK'  scanned.  The  Tyiw-F 
cameras  are  used  as  Cameras  A  and  B  in  the  system  «>n- 
figuration  and  Type-P  cameras  are  usetl  as  Cameras  1,  2, 
3,  and  4.  The  Type-F  and  Typ<‘-P  cameras  use  the  same 
imaging  transducers  and  optical  equipments  and  differ 
only  in  the  detail  of  th  ,t  electronic  circuitry.  The  image 
transduci‘r  is  an  electromagnetically  focu.setl,  1-in.  deflec¬ 
tion  vidicon  photoconductor  with  a  resolving  capability 
in  exct‘ss  of  800  lines  pt-r  picture  height. 

The  Typ<'-F  or  fully-scann<*d  camera  utilizes  11.52 
active  horizontal  scan  lines  over  the  0.44  by  0.44-in. 
faceplate  area.  The  horizontal  scan  rate  is  450  cps  with 
0.22  ms  appropriat(>d  to  horizontal  blanking.  The  activ<* 
scan  lines  plus  46.6  ms  for  vertical  blanking  add  up  to 
the  2.56-sec  frame  period.  At  the  end  of  its  active  .scan 
the  Type-F  came,  a  t-nters  an  erase  phase*  which  occupies 
an  equal  amount  of  time.  In  the  Ranger  television  syst«-m 
2  Tyir<*-F  cameras  are  alte’rnately  scannexl  and  eras«*d  in 
such  a  manner  that  1  is  b<‘ing  scanned  while  the*  (jtluT  is 
b<*ing  erased.  This  timing  .se-quence-r  is  illustrated  in 
Figure  14. 


TobU  23.  Camara  parformonca  summary 
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Figura  14.  Camara  timing  and  wavaforms 


The  Type-P  or  partially-scanned  camera  utilizes  300 
horizontal  scan  lines  over  a  0.11-  by  0.11-in.  faceplate 
area.  The  horizontal  line  rate  is  1500  cps  with  111.1  fisec 
all(Kated  for  horizontal  blanking.  The  vertical  scan  plus 
a  6.6-ms  blanking  |H*riod  occupies  0.2  sec.  At  the  end  of 
the  vertical  scan  an  erase  procedure  is  initiated  which 
occupies  0.64  sec.  In  the  system,  4  Type-P  cameras  are 
scHjuentially  scanni'd;  while  1  is  being  scanned  the 
remaining  3  are  in  various  portions  of  their  erase  cycles. 
A  40-ins  pulse  is  used  to  separate  each  sequence  of  4 
TyjK'-P  camera  exposures.  The  total  period  per  sequence 
is  then  0.84  sec.  Figure  14  illustrates  the  basic  camera 
timing  as  well  as  the  relationship  of  the  4  cameras  in  the 
systi'in. 

Each  of  the  Type-F  and  -P  cameras  will  derive  their 
scan  synchronization  from  the  control  sequencer.  Of  the 
TyjM’-P  cameras  in  a  sy  stem,  3  will  have  their  deflection 
ainplifit'rs  driven  directly  from  the  c-ontrol  sequencer.  One 
of  the  4  Ty  pe-P  eanu'ras  yvill  have  fr<-('  running  horizontal 
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and  vertical  sync  gt'ncrators  wliicli  can  citlicr  be  kept 
in  step  from  the  control  sequencer  or  can  supply  sync 
without  external  excitation.  This  is  an  additional  measur<- 
of  safety  intended  as  an  emergency  m«xle  of  operation  in 
the  event  of  failure  of  sync. 

The  cameras  will  each  contain  a  prc'amplifier  and  vid«‘o 
amplifier.  There  will  be  2  designs  breadhoard(*d  and 
evaluated.  Design  1  utilizivs  a  nuvistor  pr(*amplifi«‘r  and 
a  transistorized  amplifitT  with  a  fretpu-ncx'  pass  baiul 
from  near  dc  (about  5  cps)  to  187  kc.  Th(>  lower  limit  is 
to  prevent  unwanted  shading  and  the  upper  limit  con¬ 
tains  the  frequencies  corri'sponding  to  the  8(X)  T\’  liiH>s 
and  200  TV  line  resolutions,  respectively.  The  2"''  design 
to  be  breadboarded  will  use  a  tune<l  band  pass  amplifier. 
A  high  frequency  signal  inj(‘cled  on  the  vidicon  grid 
causes  the  beam  current  to  var\’  at  this  carri<“r  rate 
and  to  modidate  the  x'ideo  information.  This  carrier  and 
the  lower  side  hand  can  he  amplifitxl  by  a  band  pass 
amplifier  followed  by  a  phase  det«-etor.  The  decision  as 
to  which  circuit  design  will  be  used  will  be  bastxl  on  a 
comparison  of  the  resulting  signal-to-noise  ratios. 

The  camera  circuitrx-  will  also  include  a  control  gri<l 
current  regulator,  a  focus  current  regulator,  shutter  <lriv«- 
circuits,  dark  current  comiKmsation,  fast  erasure  circuits, 
and  dc-to-dc  convert<*rs  for  both  high  and  low  voltages. 

The  optics  for  TyiX'-F  and  Typ<'-P  cameras  will  b<‘ 
identical  lenses  with  a  76-mm  f(Kal  l<-ngth  and  an  //2 
aperture  ratio.  Res|X)nses  to  preliminarx'  s|wcifications 
hav<‘  be<-n  receiv«'d  from  4  vendors  and  sample  len.s«‘s 
have  been  r«-cvived  from  2  vendors.  Optical  tests  wer«‘ 
performed  on  the  .samples  utilizing  the  siiu-  wave  res|ionse 
technique  and  ecpiipiix'nt  of  the  applied  research  group 
of  RCA  Camden. 

The  shutter  for  Type-P  cameras  will  b<-  a  Tiros  type, 
linearly-actuated  slit  shutter.  The  slit  will  1h'  adjusted  to 
provide  a  l-ms  exposure  and  the  travers<>  time  of  tin-  slit 
over  the  0.11  in.  will  be  about  2  ms.  If  an  <'xposur«-  is 
made  0.2  .sec  before  impact,  the  res«)lution  will  approach 
0.2  m  per  line  pair.  Tlu-  l-ms  «-xpo.sur«'  will  prevxmt  image 
smear  for  a  2..5-deg  misalinement  of  o|)tieal  axis  with 
respect  to  the  velocity  vector.  This  will  provixh*  a  high 
assurance  of  eliminating  any  smear  from  tin-  la.st  picture. 
It  may  also  be  traded  off  for  additional  e\i>o.snre  of  the 
vidicon  if  necessary. 

The  shutter  for  the  Type-F  cameras  will  be  a  sealed 
up  version  of  the  Tiros  shutter.  It  will  b»-  design<>d  to 
cover  the  0.44-in.  fully-scanned  format.  Its  slit  will  cause 
a  .5-ms  exposure  which  is  sufficient  to  prevent  image 
smear  prior  to  the  I -min  switchover  signal.  In  the  event 


the  switchover  is  inis.sed,  the  Type-F  camera  can  con¬ 
tinue  to  supply  useful  pictures  down  to  2.5  sec  before 
impact.  The  additional  exposure  time  will  be  u.seful  in 
correctly  t'xposing  Camc'ra  A  through  the  various  color 
filters  and,  in  gr-neral,  will  era.se  the  difficulty  of  the 
shutter  design. 

The  Typr'-P  shutter  is  being  fabricated  at  AED  and 
shutters  for  the  Type-F  camera  are  being  designed  and 
fabricat(‘d  in  Camden. 

A  color  wheel  containing  .3  color  filters  and  a  single 
neutral  density  will  be  supplied  with  Camera  A.  The 
whei-l  will  1h“  caused  to  sequentially  position  a  different 
filti-r  in  the  optical  path  for  each  exposure  of  Camera  A. 
It  will  feed  a  coded  signal  to  the  control  sequencer,  which 
will  be  u.s(‘d  to  gate  on  the  appropriate  tone  signals  during 
the  vertical  blanking  signifying  the  color  filter  being  used. 
The  s|)eeification  of  the  .s|X‘ctraI  responses  and  trans¬ 
mission  factors  for  the  blue,  green,  red,  and  neutral  filters 
will  proeeitl  earlx’  in  th(‘  breadboard  phase. 

Work  on  the  filter  wheel  is  Ix'ing  done  at  AED.  At 
presimt.  tim  mechanical  {xirtion  of  the  wheel  is  designed, 
anti  enginf>ering  rtdeases  haxe  bt'en  issiuH]  for  4  as.sem- 
blies.  .Spt'ctral  resptmse  t(>sts  have  been  conducted  on 
x  itlicons  for  the  color  system.  The.se  tests  will  continue. 
Final  selection  of  the  filters  for  use  on  the  wheel  has  not 
yet  iM'en  made. 

Six  Rausch  anti  Ltimb  lenses  anti  6  Elgwt  backup 
lenses  have  been  rt'Ct'ix'ed,  anti  testing  tif  the  lenses  has 
begun.  If  the  Bau.sch  and  I.omb  lenses  meet  all  require¬ 
ments,  the  backup  lenses  will  be  u.setl  in  breadbtiards 
and  lest  setups.  The  specification  for  the  ctillimator  has 
been  written,  anti  vendor  tpiotations  are  being  received 
at  pre.sent. 

Five  'r\  |)e-l’  camera  housings  have  been  relea.si'tl  to  the 
miHlel  shop.  The  housings  will  incorporate  the  mechanical 
focusing  anti  centering  of  the  vitlicon  yoke  as.sembly  with 
respect  to  the  optics. 

The  1“'  x’idicon  has  bet-n  deliveretl  ftir  evaluation  and 
test;  more  complete  specifications  for  the  vidicons  are 
b(>ing  written. 

h.  Camera  sequencer  tint/  control  programmer. 

Camera  srt/iieiirrr.  Work  on  the  canu'ra  sequentvr  has 
been  subcontractetl  and  has  bt'cn  tlirected  toward  final¬ 
izing  the  logic  design  and  testing  the  basic  logic  circuits. 
The  addition  of  new  inputs,  and  difficulties  encountered 
in  adhering  to  the  10  to  *  65  (]  temperature  range, 
make  it  necessary  to  increa.se  the  number  of  circuits  over 
the  number  originalb'  planned.  Most  of  the  preliminary 
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design  hus  been  completed  und  the  major  effort  in  all 
areas  is  at  present  being  expended  on  circuit  packaging. 

A  c-omplete  block  diagram  of  the  control  programmer 
and  camera  sequencer  is  shown  in  Figure  15,  The  blocks 
enclosed  by  the  dashixl  lines  represent  the  digital  portions 
of  the  camera  sequencer;  the  flow  relationships  with  the 
video  combiners,  camera  subsystems,  transmitters,  and 
test  functions  are  indicated, 

A  primary  and  a  standby  18-kc  master  timing  reference 
generator  provide  the  base  for  all  pulse  generation. 
peak-to-peak  detector  serves  as  an  inhibit  monitor  for  the 
standby  clock  and  also  providi'S  a  telemetrv-  signal  indi¬ 
cating  whether  the  oscillator  is  opc'rating  or  nonoperating. 
This  circuit  has  been  tem|ierature-qualified  as  a  bread¬ 
board  using  0.2-/isec  (nominal)  ckx-k  pulses. 

The  remaining  circuits  of  the  camera  sequencer  have 
be«'n  designed  around  2  standard  logic  circuits:  a  flip-flop 
multivibrator  and  a  nor  gate. 

The  chK'k  referenct*  fre<|Uenc>'  is  sulKlividtHl  by  a  series 
of  counter  circuits  in  both  the  F  and  the  F’  chains.  Fig¬ 
ure  16  .shows  the  F-divisi(m  chain  and  Figure  17  shows 


Figurt  16.  F-divition  chain 


the  P-division  chain.  The  pulse  widths  and  time  durations 
re(|uiri'd  by  the  system  are  decoded  by  the  F-  and  P-logic 
tlecfKlers.  An  example  of  this  method  of  obtaining  timing 
and  s\  nchronizing  signals  is  the  generation  of  horizontal 
synchronizing  pulses.  As  shown  in  Figure  18,  a  pulse  de- 
codt'r  gate  is  used,  which  recognizes  1  particular  com¬ 
bination  of  flip-flops  B,  C,  and  D.  The  output  will  recur 
cyclically  and  the  pulse  width  is  determined  by  the  num¬ 
ber  of  inputs  to  the  gate.  The  configuration  requires  no 
contnds,  has  no  time  constant  to  take  into  consideration, 
anti  is  not  suscx'ptible  to  system  complexity. 
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Figure  15.  Control  programmer  and  camera  sequencer 
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Figure  17.  P-divitien  chain 


Figures  19  and  20  show  times  of  (Kcurrence  and  lime 
relationships  for  the  interface  signals  retpiired  for  tlu‘ 
camera  control  and  summing  amplifier.  The  camera 
sequencer  controls  the  positioning  of  tlu‘  Camera  A  filler 
wheel  as  shown  in  Figure  21.  The  first  2  stagc-s  of  the 
F-division  chain  5-min  timer  provide  a  4:1  count  of 
the  Camera  A  fields.  Each  of  the  4  filter  wheel  positions 
(red,  gretm,  blue,  and  neutral)  is  assigned  to  1  of  the  4 
possible  combinations  of  C'ounters  A  and  R.  An  analog 
voltage  representing  wheel  position  is  taken  from  a  [loh'u- 
tiometer  arm  linked  mechanically  t<»  the  filter  whwl  drive. 
This  analog  voltage  is  converted  to  a  2-bit  digital  repre¬ 
sentation  for  comparison  with  the  A  and  B  bits.  During 
oper."tion,  when  the  A  and  B  combination  changes.  th«* 
comparison  circuit  produces  an  output  to  the  motor  which 
drives  the  filter  wheel  until  the  input  from  the  analog-to- 
digital  converter  is  the  samr*  as  the  new  A  and  B 
combination.  Prt.iminars’  observations  indicate  that  the 
changeover  time  from  1  filter  to  the  n«‘xt  is  less  than  1  s»*c. 

Video  outputs  from  the  2  cameras  of  a  .s«-t  are  summ«’d 
by  a  video  summing-mixing  amplifier  to  provide  modula¬ 
tion  to  the  transmitter  modulator.  Video  from  each  cam¬ 
era  is  applied  to  a  summing  amplifier  through  the  analog 
gate.  The  gates  are  programmed  by  the  sequencer.  The 
analog  gate  prj-serves  the  dc  lev«'l  of  the  vidw  signals 
and  causes  less  amplitude  distortion  of  the  signals  than 
would  be  caused  by  single-ended  switches  <iperating  near 
caitoff.  Preservation  of  the  dc  level  is  n«-c<\s,sary  In-cause 
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Figurt  18.  Horizontal  synchronizing  pulse  derivation 


any  offset  of  the  dc  level  introduced  between  the  camera 
and  the  modulator  alters  the  transmitter  center  frequency. 
Switching  transients  observed  with  this  type  of  video 
switch  are  of  the  order  of  .30  to  50  mv  at  the  diode  bridge. 
Analog  gates,  having  greater  dynamic  range,  produce 
transients  of  the  order  of  several  volts,  which  could  cause 
over-modulation,  video  spikes,  false  synchronizing  pulses, 
and  other  spurious  effects.  The  amplitude  and  frequency 
of  transients  mea.sured  in  this  circuit  are  of  the  order  of 
1*  of  the  synchronizing  pulse  tip-to-peak  white  amplitude, 
and  can  be  tolerated  without  difficulty.  The  switches  have 
b«>en  operated  over  the  full  temperature  range  with  less 
than  20-mv  level  change  observed. 

The  basic  summing  amplifier  consists  of  a  medium  gain 
ilifferential  amplifier  with  feedback  for  amplitude  linear¬ 
ity  and  pass  band  control  for  FM  pre-empbasis.  Open- 
loop  gain  measurements  indicate  adequate  gain  stability 
over  the  temperature  range,  measurement  of  closed  loop 
gain  shows  no  measurable  change  from  10  to  -t-65°C.  The 
pre-emphasis  characteristic  of  the  amplifier  is  shown  in 
Figure  22. 

l>s«‘  of  a  levi-1  control  has  resulted  from  the  need  for  an 
optimum  synchronizing  pulse  shape  for  best  pre-emphasis 
utilization  and  the  need  for  balance  of  the  differential 
amplifiers.  As  it  is  now  planned,  this  will  be  the  only 
adjustment  in  the  control  programmer  and  the  camera 
s«*quenct*r  subsystem. 

Three  crystal-controlled  oscillators  are  planned  as  the 
tone  gen«‘rator  fretpiency  sources.  Tests  of  breadboards 
have  indicati-d  more  than  adecpiate  frecpiency  stabilitN’ 
to  satisfy  the  0,17  accuracy  required.  However,  final 
im-asurement  cannot  bi*  made  until  crx’stals  of  the  correct 
fre<juency  are  available.  The  .3  oscillators  individually,  and 
a  fixed  combination  of  all  .3,  give  various  summing  amplifier 
inputs  and  allow  the  use  of  summing  amplifiers  that  are 
nearly  identical. 

Design  of  the  command  switch  has  been  accomplished 
by  the  electrical  integration  group,  and  a  description  of 
the  operation  of  the  command  switch  and  associated 
relays  is  includi'd  in  the  c-lectrical  integration  discussion 
of  this  report. 

Belays  are  used  at  present  in  the  control  circuits  of 
many  of  the  R«riger  TV'  subsystem  assemblies.  Tluvse 
relays  control  application  of  jiower  applied  to  the  assem¬ 
blies.  In  sonu*  cases,  2  relays  are  used  to  accomplish 
power  application. 

.Since  electromechanical  rr-laxs  ar(>  considered  inferior 
to  solid  slate  devices  with  respect  to  reliability,  weight, 
and  sjrace  consumption,  the  use  of  .switching  diodes  to 
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Figur*  19.  Type-F  camera  interface  signals 
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9-mln  TIMER 


Figure  21 .  Filler  wheel  getiliening  circuit 


replace  certain  of  these  relays  is  being  investigated.  A 
preliminary  design  is  underway  at  present  incorporating 
the  diodes. 

c.  Comffluntceftoru  and  telemetry.  The  design  approach 
to  the  Ranfier  television  communications  is  to  provide 
communication  subsystem  components  for  the  transmis¬ 
sion  and  reception  of  the  multiplexed  TV  data  and 
telemetry  data.  Specifically,  these  components  consist  of 
the  following: 

(1)  Spacecraft  telemetry  components  consisting  of  a 
3-kc  subcarrier  oscillator  (SCO),  two  c'ommutators, 
two  235-kc  SCO’s,  an  ac  amplifier,  and  a  dc-to-dc 
converter. 

(2)  Spacecraft  transmitter. 

(3)  Spacecraft  power  supply. 

(4)  Spacecraft  communication  system  integration  com¬ 
ponents  sucb  as  junction  boxes,  control  panels,  etc. 

(5)  Ground  telemetrx’  components. 


Figure  22.  Summing  omplifiar  pr«-«mpha»it 
characteristic 


(6)  Ground  receiver  components  including  a  30-mc 
mixer,  two  5.0-mc  IF  amplifiers,  and  two  0.5-mc  IF 
amplifiers  with  automatic  frequency  control. 

The  current  spacecraft  and  ground  configurations  are 
shown  in  Figure's  9  and  23. 

Modulator-exciters.  The  mexlulator-exciter  schematic 
diagrams  are  shown  in  Figure  24.  The  design  reflects  the 
reliability  reepiirements  of  design  simplicity  and  the  uti- 
li/.ation  of  the  minimum  number  of  circuit  compements. 

The  frequency  stability  measurement  on  the  1“  un- 
tompensate'd  brc'adboard  of  the  circuit  have  been  within 
e  0.003?  fe)r  the  0  to  50°C  range.  This  employed  the  use 
of  a  series  resonant  20.819444-mc  crystal.  The  order  has 
bei'n  placed  for  20-mc  crystals  having  ^-0.0005?  stability 
under  temperature*. 

Te‘mi>erature  comp<‘nsation  is  lx;ing  performed  on  the 
oscillator  circuits  and  it  appears  that  the  u.OOI?  require- 
m«‘nt  may  b«*  met  without  the  use  of  a  crystal  oven. 

Fre'quency  deviation  requirements  for  the  modulator 
have  Ix'e'n  nu't  with  h'ss  than  2?  distortion  of  the  modu¬ 
lating  signal.  With  the  transmitter  operating  frequency 
in  the  vicinity  of  960  me  and  the  base  exciter  frequency 
at  20  me,  a  total  frequency  multiplication  of  960  20  =  48 
must  be  accomplished  in  the  multiplier  chain.  Thus  for  a 
total  fr«‘(juency  deviation  of  400  kc  at  960  me,  the  devia¬ 
tion  r«*ijuirement  of  the  20-mc  oscillator  is  400  48  kc  = 
8.33  kc  or  approximately  -*  4.2  kc  around  the  center 
fn*(pu>ncy. 

The  curs  e  of  F.gure  25  shows  the  total  deviation  capa¬ 
bility  of  the  circuit  and  Figure  26  shows  an  expansion  of 
the  curve  around  the  proposed  bias  point.  Figure  26 
isoints  out  the  linear  relationship  between  frequency  and 
modulating  signal  which  has  a  total  ;>ermissible  distortion 
of  less  than  2?  for  mcKlulating  signal  (sine  wave  up  to 
600  kc  with  flat  response)  magnittides  which  produce  total 
deviations  up  to  9.5  kc. 

The  distortion  measurements  were  made  by  ac  coupling 
an  audio  signal  into  the  \aricap  circuit  at  Test  Point  A. 
Modulation  frequent-)'  rt'sponse  was  measured  from  2  to 
6(X)  kc  with  less  than  1-db  change  in  total  deviation,  for  a 
modulating  signal  strength  which  product>d  a  total  devia¬ 
tion  of  9.5  kc. 

The  establishment  of  the  modulator  amplifier  interface 
with  the  video  and  telemetry  inputs  has  not  yet  bt>en 
coinpletj'd.  As  such,  design  effort  in  this  area  is  limited. 
The  HF  seetion  is  shown  in  Figure  27.  The  output  signals 
from  the  modidator-exeiters  at  240  me  are  fetl  to  the  X4 
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Figure  25.  Modulator  dovialion  choractorittic 


varactor  multipliers.  The  t)6fl-ine  output  of  tlie  multipliers 
drives  the  vacuum  tub<-  intermediate  i>o\v«'r  amplifier 
(IPA).  The  7-\v  output  of  the  IPA  tirives  the  fiO-\v  po\v<‘r 
amplifier. 

.\t  this  iroint,  the  signals  from  the  2  chains  are  com¬ 
bined  in  a  4-port  coaxial  hybrid  ring,  which  provid«‘s 
20-db  isolation  Iretween  the  2  chains  with  an  insertion 
loss  of  .3  db.  This  Utss,  .30  w  jwr  chain,  is  absorlwd  in  a 
dummy  load.  The  output  from  the  hybrid  ring  is  com¬ 
bined  in  the  directional  coupler  with  the  .3-w  signal  from 
the  bus  transmitter. 


Figure  26.  Modulator  dovialion  txpandod  plot 


The  directional  coupler  providt's  .30-db  isolation  b<*- 
tween  the  2  signals  with  insi'rtion  losses  of  10  db  for  bus 
transmitter  inputs  and  0  .3  db  for  the  TV.  Tin-  RF  signal 
then  enters  a  3-jiort  ferrit<‘  circulator  from  which  (at  a 
0..3-db  insertion  loss)  the  [lower  is  fed  to  the  directional 
anti'nna.  Reverse  jiower.  as  a  r«*sult  of  antenna  mismatch, 
will  bi-  dissijiated  in  the  dummy  load  associatetl  with  the 
ferrite  circulator.  The  total  insertion  lo.ss  from  power 
amplifiers  to  antenna  (assuming  an  antenna  V.SVVR  of  1.0) 
is  4.0  db.  providing  24  w  per  transmitter  at  the  antenna. 

The  over-all  chassis  drawings  for  the  ni(Hhdator-(‘xeil<-r 
have  been  completed.  Oonnectors  for  the  iiKKlulator- 
exciter  have  been  ordered  and  fabrication  of  the  chassis 
is  in  process. 

Minor  changes  have  been  made  in  the  X12  multiplier 
be  cause  of  packaging  rerpiireinenls  in  tin-  modulator- 
e.xcih'r  chassis.  Drawings  for  the  yi2  multiplier,  llu-  ■  .i 
multiplier,  and  the  7-w  amplifier  have  be»-n  n-leased  to  th<‘ 
mcKlel  shop,  and  fabrication  of  all  3  units  is  pr(He«-ding. 


Temjx'rature  and  vacuum  tests  have  In'en  conducted 
on  tin-  60-w  jiower  amplifier  with  fas'orable  results. 

PoM  vr  supplicn.  The  preliminary'  design  on  2  power 
sujijilies.  a  150-w  unit  and  a  15-w  unit,  has  been  c-om- 
pleted.  However,  changes  in  the  over-all  T\'  payload 
design  have  imjiosed  significant  changes  in  the  150-w 
unit.  This  unit  was  to  have  supplii'd  1000.  250,  and  100  v 
outjiuts  from  a  double-transformer,  solid  state  converter 
ojM-rating  from  27.5  v. 

Tlu'  changes  to  both  X’oltage  and  current  requirements 
re<juir»'  replacement  of  the  150-w  unit  by  2  units  of  190- 
aiul  ,3fK)-w,  i-ach  with  an  ojierating  frequency  of  approxi¬ 
mately  2  kc.  The  190-w  unit  will  sujiply  500  v  at  1(X)  ma, 
.3(K)  V  at  .50  ma,  1(X)  v  at  .300  ma,  6.3  v  ac  at  1  amji,  and 
6.3  V  ac  at  8  amj).  The  3;K)-w  unit  will  sujijily  1250  1000 
at  2.50  ma.  These  2  jiowi'r  supjilies  will  be  boused  in  a 
single  case  and  shielded  to  reduce  effects  of  stray  mag¬ 
netic  fields. 
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Figure  27.  RF  (ectien 


The  15-w  unit  will  be  housed  in  a  S(‘parale  shieldt^l 
case.  This  unit  is  to  supply  27  v  regulated  at  500  ma.  This 
is  a  single  transformer,  solid  state  converter  design,  with 
an  operating  frequency  of  2  kc.  It  operates  from  27.5-v 
dc  primary  power.  Preliminary  design  on  the  larger  2  unit 
power  supply  has  been  started.  Mechanical  design  of  tlu' 
15-w  unit  is  underway. 

Telemetry.  The  spacecraft  and  ground  telemetry  c-om- 
ponents  are  presented  in  Figvires  28  and  29. 

The  communications  systt'in  analysis  has  been  made 
for  the  carrier-to-noise  ratio,  picture  signal-to-noise  ratio, 
and  tone  code  signal-to-noise  ratio.  An  analysis  of  the 
effects  of  using  pre-emphasis  to  gain  an  improvement  in 
signal-to-noise  ratio  for  video  transmission  has  b<*en  made. 


Figure  28.  Telemetry  flight  equipment 


d.  Prtmarv  power. 

Batteries.  The  Banner  T\’  subsystem  power  supply 
will  consist  of  2  silver-zinc  storage  battery  units 
which  will  feed  a  common  series-type  voltage  regulator 
and  furnish  a  regulatiKl  output  of  i^.5re0.5  v.  Each  of 
tlu*  individual  batteiy  packages  will  be  capable  of 
furnishing  tlu*  total  payload  energ\’  requirements  as 
detennin(*d  by  the  mission  power  profile,  improving  the 
over-all  reliability  of  the  system.  In  addition  to  the 
batteries  and  voltage  regulators  required  for  the  pay- 
load  power  supply  subsystem,  battery  chargers  and 
i*xternal  pow(*r  supply  units  will  be  required  for  the 
jlc*v(*lopment,  testing,  and  checkout  of  the  payloads. 

Each  battery  unit  will  consist  of  22  series-connected, 
silvc*r-zine,  electric  storage  cells.  Tbe  batteries  will  be 
lu*rmetically  s<*aU*d;  each  22  cell  unit  will  be  mounted  in 
a  stainless  st(*(*l  or  antxlic  magnesium  case.  The  individual 
cells  will  lu*  matched  for  voltage  and  current  char¬ 
acteristics,  and  will  be  constructed  to  minimize  battery 
degradation  due  to  electrolyte  evaporation,  separator 
deterioration,  internal  short  circuits,  and  heat  dissipation. 
Tlu*  battery  units  will  be  rechargeable  for  ground  payload 
o]U‘ration  ami  testing,  but  will  op<*rate  in  a  single-shot 
uukU*  during  the  actual  mission.  Weight  of  the  battery 
unit,  consisting  of  the  22  cells  and  the  mounting  case, 
will  lu*  approximately  43  lb.  Each  unit  will  occupy  a 
x’olunu*  of  aluuit  1000  in.-.  There  will  b<*  2  parallel  battery 
units  incorju)rat(*d  in  each  payload.  The  2  units  will  feed 
a  common  voltage  rt*gulator,  and  will  be  separated  by 
tliocU*  isolators  to  prev(*nt  a  malfunction  in  1  battery  unit 
from  affi*cting  the  iu*rformance  of  tlu*  other  unit. 


40 


CONFIDENTIAL 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


A  systems  test  set  of  batteries  and  a  flight  set  of  bat¬ 
teries  will  be  provided  with  each  payload.  The  systems 
test  set  of  batteries  will  bi-  used  to  furnish  internal  power 
during  the  integration  and  testing  of  the  payload,  and  will 
be  recharged  as  required  during  testing.  The  flight  set  of 
batteries  will  be  inserted  after  the  completion  of  the  final 
systems  tests,  and  before  the  payload  is  matiKl  with  the 
Ranger  spacecraft,  in  order  to  minimize  the  accumulated 
test  time  on  the  flight  units.  Each  battery  unit  will  have 
a  rated  nominal  capacity  of  greater  than  1800  w-hr  with 
a  200-w-hr  margin  of  safety,  and  will  be  capable  of 
furnishing  the  total  energy  requirements  for  the  payload 
mission. 

The  problem  of  assuring  the  internal  and  external 
sterility  of  the  battery  units  will  b(‘  considercKl  in  design 
of  the  batteries  and  selection  of  the  battery  mounting 
locations  in  the  payload  structure.  The  feasibility  of 
thermally  sterilizing  the  dry  batteries  as  a  part  of  the 
complete  payload,  and  subsequently  inserting  a  .sterile 
electrolyte  will  be  investigated.  If  design  of  the  batteries 
precludes  thermal  sterilization,  it  is  planned  to  thermally 
sterilize  the  payload  without  batteries,  and  subsequently 
insert  the  batteries  in  a  sterilizing  gas  environment  to 
ensure  sterilization  of  the  mating  surfact^s  hetww*n  the 
battery  container  and  the  structure.  H<»wever,  the  u.se  of 
liquid  surface  sterilants  may  lx-  applied  t<»  the  batters’ 
mating  surfaces  and  the  process  of  attaching  the  bat¬ 
teries  to  the  stnicture  in  a  sterilizing  gas  environment 
will  be  avoided. 

The  Electric  Storage  Battery  C^ompany  (ESB),  Missih* 
Battery  Division,  Raleigh,  N.  C.  was  selectwl  to  supply 
the  batteries.  ESB  conducted  tests  on  Ranger  cells  to 
determine  the  design  requirements.  Figure  .30  shows  a 
plot  of  current  density  vs  cell  voltage  at  50"  F.  The  points 
for  the  curve  were  obtained  during  the  final  20*  of  evil 
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Figure  30.  Voltage  vs  current  density  for  battery  cells 


capacity.  A  preliminary  design  by  ESB  (based  on  an 
RCA  spec)  indicated  that  21  cells  could  not  supply  the 
required  terminal  voltage.  The  design  has  been  changed 
from  21  to  22  ctdis. 

A  sensitive  differential  amplifier  will  be  used  as  the 
error  detector.  One  input  to  the  differential  amplifier  will 
bt*  provided  by  a  temperature  stabilized  voltage  reference 
zener  diode  driven  by  the  constant  current  generator. 
The  other  input  to  the  differential  amplifier  will  be 
derivwl  from  the  unregidated  bus  voltage  error  applied 
through  a  resistive  voltage  divider  network.  The  series 
regulating  ix>wer  transistor  circuit  will  consist  of  several 
match»*d  transistors.  These  transistors  will  operate  in 
parallel  in  order  to  ensure  proper  load  sharing  and 
adeipiate  maximum  power  transfer. 

The  external  jwwiT  suppi,  and  battery  charger  units 
will  be  adaptations  of  existing  commercially  available 
equipments. 

Voltage  regulator.  .\  series-type  voltage  regulator  will 
be  list'd  to  provide  -27.5  -*-0.5  v.  There  will  be  2  bat¬ 
teries  supplying  the  unregulated  power  and  the  power 
to  the  regulators.  The  maximum  batters’  terminal-voltage 
variation  that  can  lx-  exiX'cti'd  is  from  41.5  to  —30.5  v 
dc.  The  T\’  transmitters  and  camera  shutters  will  operate 
from  unri'gulati'd  battery  voltage  to  reduce  the  current 
drain  on  the  regulator.  A  reduced  current  drain  will  result 
in  reduced  size  and  ueight  of  the  regulator. 

The  battery-regulator  interiHinneetion  diagram  is  shown 
ill  Figure  .31.  Diixles  D1  and  D2  will  become  reverse 
bia.sed  if  either  batters’  des’i’lops  an  internal  short,  and 
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Figurt  31.  Battery  regulator  interconnection 

will  thus  prevent  the  other  battt'ry  from  (lisehurKioK  into 
the  shorted  battery.  DitKles  D3  and  are  iisrtl  in  the 
battery  charging  circuit  of  the  umbilical  cord.  This  circuit 
will  be  used  to  charge  the  batteries  at  the  time  tlu‘  bat¬ 
teries  are  mounted  in  the  payload,  and  again  when  th<> 
payload  is  on  the  mounting  '  .id.  If  the  umbilical  cord 
or  its  connector  to  the  payIoa<l  should  b«‘  .shortctl.  dimh-s 
D3  and  D4  would  become  r<'v«>rs<‘  biased  and  prevrmt 
discharging  of  the  batti-ries. 

The  br«-adboard  circuit  is  shown  in  Figure  .32.  Tin- 
low  power  Transistors  Q1  through  Q4  art-  mounted  on  tin- 
terminal  hoard,  and  the  driver  Transist<jr  Q5  ami  series- 
regulating  Transi.stors  Q6  and  Q7  an-  mounted  on  the 
heat  sink. 

Transi.stors  Q1  and  Q2  ar«-  c-oimeeted  as  a  <iifT<-reniial 
amplifier  to  perfonn  the  function  of  <-rror  (h-tc-etor.  Oiu- 


input  to  tin-  (-rror  d(-t(-elor  is  a  r<-ft-n-ne(-  voltage  of  8.4  v 
obtained  from  tin-  r(-ferene(-  /(-m-r  Diode  Dl.  The  other 
input  is  a  fraction  of  the  regiilatc-d  output  voltage-  obtained 
from  tin-  HI,  H2,  and  R3  voltage  divider.  R3  is  u.sed  to 
adjust  tin-  output  voltage-  te)  e-xactly  27.5  v  dc.  Any 
variatie)!!  e)f  tin-  enitpiit  vedtuge  resulting  from  load 
e-liange-s  eer  input  ve)ltage-  ehange-s  will  cause  the  erre)r 
ele-te-etor  te)  ampl’fy  the-  diffe-re-nee-  be-twe-e-n  the-  re-fe-rt-nce 
veeltage-  and  the-  ehange-d  fraetie)n  e)f  the-  enitput  voltage. 

The-  e-rror  ele-te-ete)r  eeiitput  is  a  diffe-re-ntial  signal  which 
is  eenme-cte-d  te)  ane)ther  diffe-re-ntial  amplifie-r  stage  con¬ 
sisting  e)f  Transiste)rs  Q.l  and  Q4.  This  .stage  amplifies  the 
e)utput  e)f  the-  e-rre)r  ele-te-ete)r  and,  in  turn,  drive-s  the  drive-r 
Transiste)r  y5. 

The-  i-onne-etie)n  of  tin-  elrive-r  Transisteer  Q5  and  the 
])araIle-I-outp)it  se-rie-s-re-giilating  Transistors  Q6  and  Q7 
has  the-  aelvantage-s  e)f  high  gain  and  ne)  .shunt  current  to 
gre)unel.  Ry  re-dueing  tin-  shunt  eurre-nt  te)  grenmd  to  a 
minimum,  a  high  e-fheie-ney  is  maintained  fe)r  the  regu- 
late)r  whe-n  the-  eentpiit  le)atl  eurre-nt  is  Ie)w.  Capacitors 
(.T  and  C2  iire-  use-el  to  e-e)ntrol  the-  high  fre-qiie-ncy  gain 
anel  phase-  shift  of  the-  e  rre)r  amplifie-r  te)  pre-ve-nt  high 
fre-e|ue-ne>  ))seillations. 

The-  re-gulatie)n  e-haraete-ristie  e)f  the  bre-adboard  circuit 
is  she)wn  in  Table-  24.  Tin-  input  ve)ltage  was  varie-d  from 

.30  to  40  \'  de-.  anel  the-  le)ael  curre-nt  was  varienl  from 
0  te)  .5.0  amp.  .Mso  give-n  is  the-  variatie)n  in  millivedts  of  the 
re-gulate-el  eeiitput  ve)ltage-  fre)m  27.500  v  elc.  The  per- 
formane-e-  e)f  the-  re-gulate)r  with  re-sin-et  te)  re-gulation  is 
me)re-  than  aele-epiate-  te)  me-e-t  the  spe-cifie-d  e)utput-ve)ltage 
variation  e)f  e  0.5  v  ele. 


Figure  32.  Vellag*  regulator  breadboard  circuit 
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The  regulator  circuit  breadboard  was  plact>d  in  a  tem¬ 
perature  chamber  and  performance  was  measured  at  tem¬ 
peratures  from  0  to  72°C.  Data  obtained  from  tliis  tem¬ 
perature  run  is  shown  in  Table  25.  The  input  voltage  to 
the  regulator  was  maintaimnl  constant  at  33  v  dc,  and 
the  load  current  was  varit>fl  from  0.0  to  5.0  amp.  Table 
25  lists  the  regulated  output  voltages  for  the  different 
load  and  temperature  conditions.  A  total  change  in  the 
output  voltage  of  0.25  v  dc,  which  is  well  within  the 
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Figure  33.  Mofor  power  draining  periods 


Table  24.  Regulator  output  variations  for  different 
input  and  load  conditions 


Input 

voltag*. 

iMd  currant,  amp 

0.0 

0.13 

OS 

2.3 

4.0 

SO 

V 

Reevlotar  mitpul,  mv 

-30 

9.J 

4.5 

3.0 

20 

2.0 

SO 

32 

9.5 

4.5 

3.0 

20 

2.0 

5.0 

36 

10.0 

so 

30 

2  5 

IS 

SO 

-  40 

9.5 

s.s 

4  5 

30 

1.0 

4.0 

Table  25.  Regulator  output  voltage  for  different 
load  and  temperature  conditions 


Tampsre- 
Ml*.  *C 

leeU  (wneni,  amp 

0.0 

0.1$ 

OSS 

3.3 

4.0 

■•ewlalpr  wipvl,  V 

0 

2S.S 

25.5 

25  5 

25.5 

25.5 

10 

2S.5 

25.5 

25.5 

25  5 

25.5 

25 

25.S 

25.5 

255 

25.5 

25.5 

SI 

25.6 

25.6 

25.6 

25.6 

25.6 

60 

25,7 

25.7 

25.7 

25.7 

25.7 

72 

25.75 

25.75 

25.75 

25.75 

25.75 

regulator  specification  requirement,  was  obtained  on  this 
temp(‘rature  run. 

Mechanical  design  work  has  begun  on  a  package  for 
the  regulator  and  blocking  diodes.  It  is  planned  to  keep 
th<‘  weight  of  the  regulator  to  less  than  1.5  Ib,  and  to 
fit  th(‘  regulator  into  a  spat-e  1.5  in.  high  by  3  in.  wide  by 
5  in.  long.  Measurements  will  continue  on  the  breadboard 
to  further  prove  its  performance. 

Power  profile.  The  total  power-drain  profile  for  the 
Ranker  T\'  si.bsystem  has  been  modified  in  accordance 
with  the  new  payload  operational  sequence  and  subsys- 
ti‘m  requirements.  Figure  33  shows  the  major  power¬ 
draining  p<‘riods  for  th»‘  new  si'quence. 

The  new  total  energy  required  is  approximately  896 
w-hr.  This  is  basi-d  on  the  requirements  of  the  clock  and 
sc'quencer,  voItag(‘  regulator,  cameras,  communications, 
and  telemetry  units  for  the  entire  mission.  Regulated  and 
unregulated  power  required  by  individual  units  during 
each  of  the  major  periods  of  the  mission  is  given  in  Table 
26.  The  total  jiower  profile  is  shown  in  Figure  34. 

C.rotitul  hotlery-charner  and  monitor  (launchinfi-pad 
area).  Th«*  purp(»se  of  the  ground  battery-charger  and 
monitor  of  tin*  launching-pad  area  (Fig  35)  will  be  to 
maintain  the  full-charge  capacity  of  the  flight  batteries 
wlu*n  |Tower  tlrain  during  prelaunch  test  is  continued  for 


Table  26.  Fewer  drain  breakdown  in  waits 


Praluvnch 

Crviw 

Warmup 

OppieHpn 

Sub«y»t«m 

0  to  1 B  hr 

1 B  to  66  hr 

1 5  to  10  mfn 

10  to  0  min 

R- 

R* 

U/R* 

R' 

R* 

R" 

U/R' 

Cemmunicotieni  and 

Ulemutry 

33 

362  5 

0 

0 

9.2 

0 

33 

273.6 

33 

599 

Clock  and  sequencer 

45 

0 

0 

0 

0 

0 

45 

0 

45 

0 

Voltoge  regulotor 

0 

0.7 

0 

0.7 

0 

0.7 

0 

0.7 

0 

0.7 

Comero 

60 

0 

0 

0 

0 

0 

60 

0 

60 

0 

Tolols 

138 

L_363  2  j 

0.7 

9.2 

0.7 

138 

274.3 

138 

599.7 

"9  regulated. 

''U/ft  unregulated 
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TIME,  hr  — ^ 


an  appreciable  time.  Since  battery  charging  should  not 
take  place  while  the  payload  equipment  is  operating 
from  the  battery,  the  test  procedure  will  make  provisions 
to  prevent  charging  during  the  prelaunch  tests. 

Ground  power  supply  charger  and  monitor  (service 
area).  The  ground  power  supply  charger  and  monitor  of 
the  service  area  (Fig  36)  will  have  a  threefold  purpose: 

(1)  To  monitor  the  terminal  voltage  of  each  battery 
and  to  regulate  battery  charging  by  means  of  volt¬ 
age  sensing. 


(2)  To  monitor  individual  cell  voltages  by  selection 
and  to  also  indicate  continuously  the  temperature 
of  each  battery. 

(3)  To  supply  external  power  for  payload  equipment 
when  desired. 

An  external  power  supply  will  supply  0  to  40  v  for 
powering  the  payload  equipment  when  it  is  not  desirable 
to  use  battery  power.  An  external-internal  power  relay 
will  select  either  battery  power  or  power  from  the  exter¬ 
nal  power  supply  for  powering  the  payload  equipment. 
This  relay  will  be  part  of  the  test  cable  and  will  not  be 
flown.  The  relay  will  be  actuated  by  manually  operating 
an  external-internal  power-select-switch.  The  same  switch 
acts  as  a  safety  feature  by  turning  off  the  charger  when 
internal  battery  power  is  selected.  The  27.5-v  supply  will 
power  the  thermistor  circuitry  and  the  external-internal 
power  relay. 

All  connections  for  battery  charging  and  sensing  will 
h€‘  made  through  the  payload  umbilical  cord;  all  connec¬ 
tions  for  measuring  cell  voltages  and  battery  temperatures 
will  be  made  through  two  25-wire  plugs. 

Battery  and  voltage-regulator  bench  test  load.  In  order 
to  test  the  battery  and  voltage  regulator  power  capabili¬ 
ties,  a  test  load  was  designed. The  bench  test  load  (Fig  37) 
will  enable  any  flight  power  profile  to  be  simulated.  This 
will  be  done  by  means  of  4  continuously-variable  load 
ranges:  (I)  0.06  to  0.55  amp,  (2)  0.55  to  2.8  amp,  (3)  2.5  to 
10.0  amp,  and  (4)  8.2  to  47.0  amp.  A  panel-mounted  cur¬ 
rent  meter  will  be  supplied  for  each  load  branch;  battery 
terminal  voltage  will  be  continuously  measured  by  an 
ext«*rnal  meter. 


Figure  35.  Ground  battery  chargor  and  monitor, 
launching  pad  area 


6.  Thermal  Control 

detailed  thermal  analysis,  to  determine  a  continu¬ 
ous  temperaturi'-time  history  of  the  electronic  modules 
throughoui  the  mission,  was  initiated  and  is  continuing. 
There  are  3  separate  computer  programs  being  used  to 
analy/.e  configuration,  radiation-coupling  factors,  and 
mission  temperature-time  histories. 

Thermal  analysis  directed  toward  a  passive  thermal 
i-ontrol  technique  is  hi‘ing  made.  The  primary  design 
parameters  of  s\ich  a  system  are: 

(1)  Location  «)f  the  electronic  modules  within  the 
spacecraft. 

(2)  Emissivity  and  solar  absorptivity  of  all  exposed 
surfaces. 

(3)  Mass  available  for  thermal  heat  sinks. 
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Figure  36.  Ground  power  supply  and  monitor,  service  area 
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8.2  TO  47  omp 


The  Ratificr  TV  subsystciu  consists  of  electronic  imx!- 
ules  that  are  in  operation  during  limited  time  pt‘riods. 
Detailed  examination  of  the  modules  indicates  that  tliere 
will  be  high  thermal  dissipation  in  some  modules  and 
little  thermal  dissipation  in  others.  For  this  reason,  the 
modules  cannot  be  treated  as  a  gross  isothermal  body,  but 
must  be  treated  as  individual  units,  and  a  temperature^ 
time  history  predicted  for  each  unit.  Temperature-tiim- 
histories  will  be  predicted  for  the  following  modes  of 
flight; 

(1)  l(X)-nm  parking  orbit. 

(2)  Passage  through  the  Earth’s  shadow. 

(3)  Solar-oriented  cruise  (!"'  pha.se). 

(4)  Mid-coiirs<'  maneuver. 

(.5)  Solar-oriented  cruise  (2'"'  phase). 

(6)  Terminal  camera  orientation  mode  {I -hr  duration). 

(7)  Terminal  equipment  warmup  m<Kle  (5-niin  dura¬ 
tion). 

(H)  Terminal  operational  iiKKle  (]()-min  duration). 


The  over-all  result  of  the  thermal  analysis  will  be  a  con¬ 
tinuous  temperature-time  history  of  appropriate  elec¬ 
tronic  modules  from  launch  to  impact  on  the  Moon. 

Three  machine  programs  are  being  used  to  analyze  the 
system.  .\  program  has  been  developed  for  the  IBM-709 
computer  to  evaluate  csmAguration  factors  using  the  prin¬ 
ciple*  of  contour  integration.  The  2""  program,  for  analog 
computing  erpiipment.  evaluates  radiation-coupling  fac¬ 
tors.  which  are  a  fune-tion  of  surface*  emissivities,  modide 
ar(*a.s.  and  e-onfiguration  fac*tors.  An  RCA-501  ex)mputer 
will  be*  n.se*el  to  e-ompiite*  te*mp<*rature*-time  histories  of  the 
m(xlule*.s.  The  program  for  this  ce)mpute*r  is  de*signed  for 
solution  of  the*  te*m|M*ratur(*-time*  depe»nde*nex*  of  a  30-day 
Ixxly  system,  with  e*ach  Ixxly  e*xchanging  e*nerg\'  with 
all  other  lMKlie*s  b\-  radiation  anel  e-ondnetion. 

C)onsieh*rable*  el(*.sign  e*ffort  is  re*quire*el  to  evaluate*  the 
raeliation-e-onpling  factors.  e*ondue*tion-e*oupling  factors, 
anel  e*ffi*ctie(*  the*rmal  mass  for  e*ae*h  mexlide.  The 
ti*mp(*raturi*-tinM*  foreeast  is  de*ix*nelent  on  the*  accuracies 
of  tli(*s(*  fae’tors,  anel  in  vie*w  of  the  e'ermplex  ge*ometry'  of 
the*  eairsule*.  effe*cti\e*  esaluation  of  these*  factors  can  only 
lx*  obfain(*d  from  t(*sting  of  a  thermal  mexle*!.  A  de*taile*d 
tlu*rnial  nxxh*!  is  being  construe*te*el  for  te*sting.  The*  me)de*l 
will  e'losely  approximate*  a  flight  payloael.  It  will  be*  strnc- 
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turally  accurate  and  contain  modules  that  simulate  the 
electronic  modules  in  size,  weight,  placement,  and  ther¬ 
mal  dissipation.  The  model  will  be  placed  in  a  vacuum 
chamber  capable  of  simulating  external  energy  flux  by 
infrared  radiation  at  pressures  of  1  X  10  *  mm  Hg  or 
lower.  After  necessary  design  information  has  been 
obtained,  a  solar-simulation  test  should  reveal  any  ther¬ 
mal  design  problems  that  might  exist,  in  time  to  permit 
solutions  for  the  proof  test  model. 

A  problem  associated  with  thermal  design  is  the  evalu¬ 
ation  of  contact  conductance  between  mating  surfaces. 
Contact  conductance  between  electronic  modules  and 
structural  mounting  areas  approaching  that  of  solid  metal 
is  desirable  in  order  to  minimize  thermal  gradients.  A 
literature  search  was  initiated  to  determine  what  mate¬ 
rials  might  be  applicable.  The  conclusion  was  reached 
that  all  mating  areas  should  have  specified  fiatness  devi¬ 
ation  and  surface  roughness  characteristics.  If  a  particular 
module  must  be  removable  from  the  structure,  either  a 
soft  aluminum  shim,  silicon  grease,  or  other  appropriate 
materials  will  be  used  between  the  interface's.  For  fixed 
modules,  thermally  conducting  epoxies  will  be  applied 
to  form  a  solid  mechanical  bond.  Mechanical  attachments 
for  the  modules  will  be  designed  to  provide  a  high,  uni¬ 
form  contact  pressure  at  the  interfaces  for  removable 
units. 

A  study  has  been  conducted  to  determine  an  analytical 
expression  for  conduction  coupling.  The  first  model  inves¬ 
tigated  consisted  of  2  heat-dissipating  bodies,  motinted 
to  an  infinite,  insulated  plane.  The  model  configuration 
was  mapped,  by  means  of  C'omplex  variables,  to  a  plane 


where  the  boundaries  of  the  bodies  appear  as  concentric 
rings,  a  situation  for  which  the  conduction  equation  can 
be  easily  written.  By  using  the  appropriate  complex  map¬ 
ping  function,  the  conduction  equation  was  written  for 
the  model,  and  an  effective  conduction  coupling  factor 
was  obtained.  The  model  was  extended  to  include  many 
bodies  on  a  plane,  with  radiation  exchange  from  the 
surface.  It  is  anticipated  that  the  results  of  this  study 
will  provide  realistic  conduction-coupling  factors  for  the 
machine  program. 

Design  of  the  thermal  model  and  proof  test  model  test 
facility  was  initiated.  It  is  planned  to  use  lamps  to  sim¬ 
ulate  incident  solar  energy  on  the  capsule.  A  test  fixture 
is  under  development  to  provide  a  variable,  uniform 
intensity  on  appropriate  surfaces. 

Results  are  listed  in  Table  27  of  the  preliminary  cal¬ 
culations  to  determine  magnitudes  of  thermal  mass 
needc'd  to  minimize  terminal  temperature  rise.  The  results 
indicate  that  many  modules  are  sufficiently  massive  to 
require  no  additional  heat  sink.  However,  a  few  units  are 
low  in  weight  and  have  high  dissipation  densities;  addi¬ 
tional  h(‘at  sink  material  is  required  for  these  units. 
Change-of-state  materials  with  favorable  thermal  proper¬ 
ties  (wax  in  particular)  are  being  investigated  for  use  as 
additional  lightweight  heat  sinks. 

Temperature  sensors  for  the  spacecraft  have  been 
designed  using  the  following  system  parameters; 

(1)  Supply  voltage,  27.5  V. 

(2)  Output  voltage  range,  0  to  —  5  v. 


Tabu  27.  Protiminary  •sHmaU  of  offoctivo  hoot  sink  weight  roquirod  to  held  impact  temperature  below  bO'C 


Sli«,  In. 

fowor  dUfilpotten,w 

Componont 
wolpht  lb 

AMMionol 
hoot  ilnh 
wtlfM 
coswirod* 

CrwiM  lomsorohtrot,  *C 

Tampaia- 
Ivra  al 
Impact,  *C 

■oforo 

erwita, 
powar  an 

WlHi 

power  on 

CrviM 

Wormop 

OsowHon 
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I2XS14XSH 

3 

12 

10 
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6 

27 

AtA  sowar  ivsHy 

|X«X4 

0 

10 

n 

0 

0 

6 

30 

A 14  IronifniHtr 

•.76  X  5.73  X  2.3 
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0 

90 

4 

0 

0 

6 

32 

A15  omplifitr 

5%  X  214X2% 

0 

7 

70 

1.1 

0 

0 

6 

101 

1.9 

0 

6 

33 
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4%  DX  m 

0 

0 

5 

mm 

0 

0 

6 

31 

A25  duRimy  lood 

1  X  1  X  14 

0 

0 

60 

0 

0 

6 

33 

A17  power  relqy 

3X3X27 

0 

14 

14 

msM 

0 

0 

6 

A10  boNory 

7.33  X  16.7X6 

2 

30 

120 

44.2 

0 

0 

6 

24 

A12  regulotor 

3X3X13 

5 

73 

•4 

3 

0 

0 

6 

73 

1.0 

6 

60 
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(3)  Subcarrier  oscillator  input  impedance 
Cruise,  500  K. 

Terminal,  1  megohm. 

It  was  determined  that  2  temperature  ranges  would  be 
adequate  for  monitoring  all  of  the  desired  temperature 
test  points.  The  ranges  chosen  are  -10  to  65°C,  and 
-10  to  100°C. 

7.  Subtystomt  Integration 

Electrical.  The  design  concept  has  been  established 
for  command  switching  of  the  TV  subsystem  by  real 
time  command  (RTC)  signals  from  the  spacecraft  bus. 
The  purpose  of  this  switching  is  to  set  the  TV  subsystem 
into  different  modes  of  operation  required  by  the  mission 
sequence  of  events. 

Figure  38  shows  the  circuits  and  interconntH.-tions  used 
for  mode  switching.  Switching  is  accomplished  by  means 
of  a  rotary  stepping  switch  that  advance's  1  position  for 
each  RTC  signal  ri*ceived,  and  relays  that  are  energizetl 
or  de-energized  depending  on  the  rotary  switch  peisition. 
The  3  RTC  signals  which  operate  the  ceimmaml  switch 
are: 

(1)  Warmup  signal. 

(2)  Emergency  mcxle  signal. 

(3)  Emergency  mode-<iff  signal. 

When  the  warmup  signal  is  receive*d,  the  command 
switch  advances  from  Position  0  to  Position  1 .  This  action 
energizes  Relay  K6  in  the  command  switch.  Relays  K3 
and  K-1  in  the  transmitters,  and  Relay  K5  in  the  ttdemetiy 
section. 

When  Relay  K6  is  energizc-d,  a  regulated  27.5-v  dc 
power  line  is  closed,  applying  27.5  v  to  the  s»*quenccr 
and  camera  assemblies.  The  camera  sequenwr  ami  cam¬ 
era  assemblies  do  not  have  power  switches;  the  applied 
-27.5  V  starts  the  operation  of  these  assembli<'s.  Relays 
K3  and  K4  apply  unregulated  39  v  dc  t<i  the  transmitter 
power  supplies.  Relay  K5  in  the  telemetry  wetion  clo.ses 
contacts  to  -27.5-v  regulated  power  to  initiate  terminal 
teh'metry  operation. 

The  warmup  signal  has  a  backup  from  the  CC&S  in 
the  bus.  Tliis  equipment  provides  a  100-ma  contact  clos- 
ur<'  for  the  backup  signal.  Total  current  required  by  the 
relay  coils  is  410  ma.  Then-fore,  the  CC&S  signal  iini.st  Im* 
amplified  to  ojK-rate  the  relays  in  tlu-  absence  of  the  RTC 
warmup  signal. 

The  emergency  m(Kle  signal  is  the  n«’xt  RTC  mi.ssion 
seipienee.  When  the  emergency  mode  signal  is  n'ceivetl. 


the  command  switch  advances  from  Position  1  to  Position 
2,  energizing  Relays  KIO  and  Kll  in  both  transmitters. 
When  these  relays  energize,  the  cameras  become  discon¬ 
nected  from  the  transmitters  and  the  terminal  telemetry 
signals  are  connected  directly  to  the  transmitters.  In  this 
position  of  the  command  switch,  the  warmup  signal  is 
still  applied  to  the  warmup  relays  to  keep  the  TV  sub¬ 
system  in  operation. 

The  final  signal  received  from  the  bus  is  tbe  emergency 
mode-off  signal.  This  signal  advances  the  command  switch 
to  Position  3,  causing  Relays  KIO  and  Kll  to  de-energize. 
With  Relays  KIO  and  Kll  de-energized,  the  cameras  are 
again  c-onnected  to  the  transmitters,  and  the  TV  subsys¬ 
tem  performs  in  the  normal  operating  mode.  The  warmup 
signal  is  applied  to  the  appropriate  relays  as  in  the  other 
modes. 

Position  3  is  the  final  position  to  which  the  command 
switch  will  be  advanc-ed  during  the  mission. 

It  is  not  planned  to  use  the  switch  during  subsystems 
tests,  except  to  test  operation  of  the  switch  itself;  there¬ 
fore,  no  provisions  are  made  to  operate  the  switch  from 
any  other  source  except  the  RTC  command  contact  in  the 
bus.  All  TV  subsystem  signals  generated  by  the  switch 
will  be  simulated  on  the  test  panel. 

Mechanical.  Mechanical  design  developments  and  re¬ 
finements  of  subassembly  packaging  have  made  it  neces¬ 
sary  to  revise  the  initial  component  arrangement.  The 
revised  arrangement  is  shown  in  Figure  39. 

The  new  arrangement  concept  complies  with  the 
requirement  to  keep  the  batteries  as  low  as  possible  in  the 
stnicture.  yet  accessible  for  ease  of  installation  and  steri¬ 
lization.  Tbe  batteries  are  located  within  the  structural 
lx>x,  formed  by  the  vertical  longerons  and  side  plates,  and 
are  assembled  from  the  bottom  of  th  payload.  This 
meth(Kl  of  assembly  eliminates  the  need  for  cutouts  in  the 
plates  forming  the  structural  box  and  access  doors  in 
the  thermal  shroud.  More  efficient  use  is  made  of  the 
remaining  space  am.  mounting  surfaces  for  control  of  the 
center  of  gravity,  of  moments,  and  of  thermal  and  elec- 
trii-al  requirements. 

.\  specific  camera  layout  has  been  completed  and  a 
structural  mounting  bracket  for  acx-ommodation  of  ail  6 
cameras  has  been  designed  and  is  being  fabricated.  The 
bracket  is  a  single  unit  with  provisions  for  alining  all 
cameras  in  the  proix’r  angular  relationship  to  one  another 
without  further  adjustment.  The  bracket  and  camera 
assembly  is  installed  within  the  stnicture  on  adjustable 
mounts  for  alinement  of  the  entire  camera  array  as  a  unit 
to  th«‘  desiri'd  angle,  representing  the  terminal  vekx'ity 
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Figwr*  3t.  Preliminary  control  circiiiH  •l•awin9  command  swHch  and  modo  switching  rolayt 
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SECTION  B-L  SECTION  C  C 


Unit  wBightt  and  dimaniioni 


Msfanca 

Unit 

WalgM, 

Ih 

A) 

Comoroi  (d  comoroi  ond 

fiHor  whool  on  ilnglo  brockol) 

«0.0 

A2  through  A7 

Comoro  oloctronici  (6) 

43.1 

AS 

Vidoo  <omb<nor 

1.0 

A9 

Sogvoncor 

9.0 

AlOand  All 

lotforioi  <2) 

•14 

A12 

Ingulalar 

3.0 

A13 

2.0 

AUand  AI9 

Tronimittor  modviotor  (2) 

1.0 

A13  and  A20 

Amplifior,  60  w  (2) 

2.2 

A16  ond  A2I 

Power  iwpply  (2) 

22.0 

AI7and  A22 

^owor  roloy  (2) 

l.l 

All  and  A23 

Signal  Mniplari  |2| 

0.4 

A34 

4*porf  hybrid 

IS 

A25 

Dummy  lood 

2.S 

A26 

Tolomotry 

10.0 

A27 

1.5 

A2S 

Soguoncor  powor  lupply 

4.4 

A39  and  A30 

Tolomotry  procoiiing  (2) 

0.5 

— 

Structvro.  thormol  ihiold 

70.0 

— 

Eloctri'ol  hornosi 

15.0 

Totoi  woight 

347.2 

vector.  The  camera  arrangement  within  the  structure  is 
shown  in  Figure  40. 


The  revised  moment  values  are  tabulated  in  Table  28. 
The  revised  computation  of  the  center  of  gravity  is 


Z 

X  W'Z 

V  W' 

6966.3 

347.2 

477,60 

-  20,03  = 

Y 

V  W'Y 

V  r 

-  39.7 

347.2 

Y 

•  imulnnd 

-  0.1 14  in. 

X 

lt"X 

^  It  " 

14,3 

347.2 

20.0S 
4^7.55  in, 
-0.114 

-0.042 


X 


imt/lotid 


0.042  in. 


Total  payload  weight  is  347,2  lb,  and  the  center  of  gravity 
location  for  the  spacecraft-payload  combination  satisfies 
the  JPL  r<*quirements. 


B.  Ground  Support  Equipmont 

The  designs  for  the  Ranger  TV  subsystem  ground 
n'ceiving  •fjuipment  and  ground  checkout  equipment 
hav»*  been  Bnali/.ed.  Plans  for  the  Goldstone  equipment 
call  for  a  30-mc,  caged  preamplifier  to  be  located  on  the 
antenna.  The  design  provides  for  redundant  receivers 
and  tape  recorders.  Included  also  are  2  Kine-recorders 
which  can  b«>  used  for  tlirect  on-line  or  off-line  photo¬ 
graphic  r»-cording.  The  Channel  8  telemetry  is  selected, 
by  means  of  an  appropriate  filter,  from  the  wide  band 
t«-h-metr>’.  After  demwlulation,  the  telemetry  data  can  be 
presented  as  a  printoiit. 

Signal  priK-essing  and  interc-onnection  switching  have 
also  b«‘en  finalized,  providing  a  s’ersatile  operational 
1‘quipment.  A  2  channel  ti*st  transmitter  is  also  planned. 
This  test  transmitter  can  In*  mcxlulated  either  by  signals 
from  the  video  and  .sync  simulator  or  by  a  prerecorded 
test  tap»'. 

D«'.signs  for  a  Ratif’vr  TV  subsystem  panel  and  a  single- 
channel  test  transmitter  for  the  ground  checkout  i*quip- 
ment  have  bt-en  finali/.i'd.  The  Rflfiger  TV  subsystem 
panel  will  permit  exercising  the  spacecraft  I'quipment  by 
simulating  command  signals  as  well  as  making  the  correct 
I'oniu'ction  to  the  checkout  equipment.  A  single  channel 
transmitter,  which  can  be  switched  to  either  of  the  2  fre- 
<|uencies,  is  providc'd  for  test  puri>oses.  The  Goldstone 
rei  eiver  is  replaced  with  a  i)60-mc  front  end  for  the  tests. 


Figur*  39.  ArrangamanI  of  compenants 
in  basic  struclur* 


The  I'heekout  panel  to  be  included  in  the  block  house 
e<Hiipment  is  being  designed  This  panel  will  permit  a 
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Figure  40.  Camera  array 


brief  exercise  of  the  .spacecraft  tbrou^li  hard-line  coniu-c- 
tions  while  it  is  emplaced  on  the  launching  pa<l.  A  nteiv- 
ing  antenna  and  tow<'r  will  be  provid«tl  t<  recs-ive  the 
rediice<l  pow<T  transmissions  from  tin*  spawciaft  diiriiiK 
the  countdown  checks. 

All  primary  power  requirements  for  the  CSK  base  Iwen 
established  and  equipment  layouts  for  the  various  installa¬ 
tions  have  been  reviewed.  In  addition,  the  interface 
between  the  RCA  equipment  and  tlw  ground  sup|iort 
equipment  at  Goldstone  was  established. 

The  operational  ground  station  compri.ses  2  major 
ground  (-(piipments:  the  TV  data  rec<»r<ling  and  displa>- 
equipment,  and  the  ground  communications  ecpiipment. 

a.  Data  recording  and  ditplay. 

Subsystem  description.  The  Ranger  T\'  ground  supiiort 
equipment  (GSE;  TV  data  recording  an<l  display  sub¬ 
system)  provides  .3  primary  functions: 

(1)  Data  recording  (telemetry  and  TV  information). 

(2)  Data  reduction  (TV  information). 

(3)  Control  of  checkout  and  exercising  of  the  sub¬ 
system. 


Data  r(‘cording  will  provide  interim  as  well  as  archival 
storage  of  events  on  a  multi-channel,  continuous-tap<‘. 
magnetic  recorder.  Data  r«‘duction  of  information  in  the 
form  of  television  signals  will  be  recorded  by  a  35-mm 
film  camera.  GSE  subsystems,  intended  for  checking  and 
exercising  the  system,  will  be  provided  by  1  kinescoj'M- 
and  film-caimTa  combination  capable  of  recording  either 
slow-scan  nr  fast-scan  video  channels  individually.  Con¬ 
trol  of  tile  subsystc-m  will  be  manual  and  will  include 
control  of  [loxvr'r,  ojX'rate-test  m(Kh‘,  CRT  display  desig- 
natitin  (in  test  mcKle),  and  film  camera.  Monitoring  of 
on-liiu‘  or  off-line  virleo  signals  will  be  di.splayed  by  an 
.■\-s<-ope  which  will  r«'ix‘ivi*  appropriate  sync  and  x’ideo 
signals.  Thi'  A-scope  will  also  be  capable  of  displaying 
waxeforms  from  other  parts  of  the  subsystem. 

I'igures  41  and  42  are  block  diagram  and  equipment 
layout,  respei-tix'ely,  of  the  T\'  data  recording  and  display 
ground  checkout  ecpiipmcnt. 

Tape  recorder.  The  tap<'  recorder  is  a  4-chaniu'l,  xxide 
band,  continuous  linear  magnetic-taix‘  system  which  will 
record  and  jilay  back  the  composite  x  ideo  and  telemetry 
signals  receixed  from  the  subsystem  interface  eciuipment. 
Mincom  tape  recorders  will  be  used  in  GSE  Units  1  and 
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Tabu  28.  CanUr  of  gravity  computation 


aailfnallOT 

Unit 

WalgM, 

lb 

X,  In. 

wx, 

In. -lb 

_ 

y.  In. 

WY. 

In.-lb 

Z,  In. 

WI, 

In.-lb 

WZ\ 

Ib-ln.' 

A1 

Comaroi  6  (coniaroi 
and  filtar  whaal) 

60.0 

0 

im 

0 

2361.0 

A2 

through 

A7 

Camara  altclranict 

43.1 

0 

0 

23.70 

1129.7 

At 

Vldoa  comblnar 

1.0 

70 

0 

22.70 

22.7 

A9 

Saguancar 

9.0 

0 

0 

61.2 

7.00 

63.0 

■9 

A10 

and 

All 

lottariai 

11.4 

0 

0 

0 

12.33 

1090.0 

14,330 

A12 

logulalor 

3.0 

1.0 

24.0 

II.O 

14.00 

42.0 

311 

AI3 

2.0 

0 

0 

10.0 

20.0 

14.00 

21.0 

392 

AM 

and 

A19 

TrantmiHar  modulotor 

1.0 

0 

0 

0 

0 

14.23 

114.0 

1,623 

AIS 

and 

A20 

Amplilinn.  60  w 

2.2 

0 

0 

0 

0 

12.30 

27.3 

344 

A14 

and 

A21 

^aw«r  supply 

22.0 

0 

0 

0 

0 

7.0 

134.0 

1,030 

AI7 

and 

A22 

Powar  ruloy 

l.l 

0 

0 

0 

0 

5.3 

9.6 

31 

All 

and 

A23 

Sipnol  tamplart 

0.4 

0 

0 

1.3 

3.4 

12.0 

4.1 

37 

A24 

l.gorl  hybrid 

I.S 

6.3 

9.73 

0 

0 

14.30 

21.1 

316 

A23 

OuMoiy  lood 

2.3 

7.0 

17.3 

0 

0 

19.0 

47.3 

704 

A2« 

Talamtiry 

10.0 

0 

0 

7.3 

73.0 

6.1 

61.0 

462 

A27 

1.3 

0 

0 

90 

133 

12.0 

11.0 

211 

A2I 

$«^v«n<«r  pow«r 
•upgly 

4.6 

7.0 

32.2 

0 

0 

22.6 

104.0 

1730 

A39 

and 

A30 

Tflaniatry  procaiipf 

0.3 

0 

0 

0 

0 

13.0 

6.5 

S3 

$fru<fwr«  ond  Ihurmal 
thiald 

70.0 

0 

0 

0 

0 

16.16 

1434.0 

32,000 

13.0 

— 

- 

— 

— 

- 

— 

— 

TotoU 

347.2 

_ 

14.3 

39.7 

6966.3 

221,910 

2;  Ampex  tape  recorders  will  be  used  in  CSE  Units 
3  and  4. 

Si/nc  and  video  simulator.  Tlie  sync  and  video  simulator 
contains  the  test-pattern  control,  sync  generat<»r  and 
video-simulator  circuits.  Tlu-se  circuits  pnKluc-e  the  func¬ 
tion  necessary  to  perform  a  compreh<’nsive  suhsy.stem  test 
to  determini'  equipment  operability.  The  test-pattern  con¬ 
trol  panel  enables  selection  of  the  various  test  signals 
which  the  simulator  is  capabh'  of  geni'rating.  The  .sync 
generator  priKluces  the  timing  was’eforms  reqiiiri'd  to 
operate  the  video  simulator.  The  video  simulator  develops 


i-omiMisile  video  signals  which  produce  test  patterns 
within  subsystem  operating  ranges  so  that  kinescope 
ojx'rating  parameters  can  be  determined. 

Till'  generated  video  test  signals  are  selectable  by  a 
rotary  switch  on  the  simulator  unit.  These  signals  (Fig 
43)  comprise: 

( 1 )  Vertical  bars  (2  raster  lines  wide). 

(2)  llori/ontal  bars  (2  raster  lines  wide). 

(3)  CIrating  pattern  (horizontal  and  vertical  bars). 
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Figure  41.  TV  data  recording  and  di*play  ground  checkout  equipment 


(4)  Gray  stall-. 

(.5)  Ri-soliition  bars  (5  bursts  of  sine  waves). 

(6)  Composite  test  pattern  (grutiiiK.  resolution  bars, 
and  gray  scale). 

The  sync  tips  carry  tone  signals  in  accorilance  with  tiu- 
Ratif’er  TV  GSE  subsystem  spi-cification,  e.xcept  that  the 
tones  carried  by  the  Camera  A-B  rate  composite  video 
will  be  selectable  by  a  test-pattern  control-panel  rotary 
switch. 

The  sync  generator  unit  consists  of  an  18-kc,  irystid- 
controlled,  master  oscillator  and  and  gate  logic  circuits 
that  perform  frequency  division  to  the  line  and  frame 
rates,  and  intermediate  divisions  to  proviile  for  triggering 
of  the  video  generator. 

The  18-kc,  crystal-controlled  o.scillator  circuit  is  shown 
in  Figure  44.  This  circuit  provides  a  positive-going  pulse 


varying  from  8  to  0  v  at  an  18-kc  rate.  The  pulse  rise  time 
(measuri-d  bi-tween  the  10  and  90?  points)  is  less  than 
0.22  /<sec.  Pulse  width  is  not  critical  but  is  approximately 
.Ti  /isec.  The  circuit  i-onsists  of  2  tran...’  tor  amplifiers  i  i 
series,  with  (Mtsitive  feedl>ack  from  the  2""  to  the  1‘’ 
through  a  quartz  crystal  in  the  si -ies-resonant  mode.  A 
clipi>i-il  18-kc  sine  wave  is  priKluci*d  at  the  output  of  the 
2'"'  amplifier,  and  is  then  fi-d  through  an  inverter  to  pro- 
viile  the  required  rise  time.  Fabrication  of  the  improved 
18-kc  o.scillator  has  started. 

The  viileo  generator  unit  i-onsists  of  and  gate  logic, 
shift  registers,  1-shot  multivibrators,  gated  oscillators,  a 
register  matrix,  and  a  video-processing  amplifier.  The 
video-proci*ssing  amplifier  breadboard  has  been  com¬ 
pleted.  finishing  the  task  of  breadboarding  circuits. 

The  and  gate  logic  and  the  l-shot  multivibrators  gen¬ 
erate  horizontal  and  vertical  bars  and  a  grating  pattern 
deterniineil  by  the  line  and  frame  sync  rate.  One  .shift 
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Flgurw  42.  TV  dola  rwcording  and  ditploy  ground  chockout  oquipmont 


register  drives  tiu*  r(‘sistor  matrix  to  generate  the  gray 
tone  signal  with  a  gamma  factor  of  0.5,  Another  shift 
register  drives  the  high-stability  gati^l  Colpitts  oscillators 
to  produce  multi-hurst  resoluti<in  bars  at  the  line  syiu 
rate.  A  gated  oscillator  m(Klule«  controllt^d  by  a  vcTtical- 
sync-rate-gate  pulse,  generates  the  c<Kle<l  tone  signal.  The 
vidiH)-processing  amplifi<*rs  cxintain  2  resistor-dicKle  vidcH) 
and  sync  mixer  circuits  and  a  line  driving  amplifier. 

The  mechanical  configuration  luis  In'cn  chang<‘<l  to 
accxHuinodate  the  gat<‘d  oscillators.  The  original  design 

f  ,11111111111111111 

•  a  BAA* 


VERTICAL  BARS 


stipiilutctl  tlmt  (‘acl)  putt'd  oscillator  board  would  contain 
5  tank  circuits  (only  3  of  which  would  be  ust*d)  of  differ- 
•■nt  ccntj'r  frccjucncics.  W'lu  n  the  board  layout  was  being 
desigiu'd,  it  was  found  that  5  tank  circuits  could  not  be 
fitt«‘tl  on  1  board.  It  was  necessary  to  provide  a  2"'*  type 
of  module  to  provitle  gati'd  oscillators  in  the  required 
<|uuntity  and  frequencies.  The  same  board  and  parts  are 
Iwing  u.sed  in  lx)th  ukkIuK's.  The  only  difference  is  the 
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Figure  43.  Video  lest  signals 


Figure  44.  Schematic  of  18-kc  oscillator 
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resonant  frequency  of  the  tuned  circuits  heinK  incoriM>- 
rated  into  the  module. 

Power  supplies.  The  power  distribution  unit  consists 
of  a  control  panel,  blower,  and  9  individual  dc  voltage 
power  supplies.  This  unit  provides  control  of  the  ac 
and  dc  voltage  requirements  of  the  TV  data  recording 
and  display  subsystem.  A  blower,  located  at  the  bottom 
of  the  cabinet,  provides  ventilation  that  maintains  safe 
operating  temperatures  for  the  power  supplies.  The  indi¬ 
vidual  power  supply  voltage,  current,  and  voltage  limit 
ratings  are  listed  in  Table  29. 

Monitor  and  control  unit.  The  monitor  and  control 
unit  contains  a  monitor  and  control  panel,  camera  patch 
panel,  monitor  scope  (1  in  the  checkout  configuration,  2 
in  the  operational  configuration),  Channel  S-F  sync 
chassis,  Channel  F  sync  and  tone-decoder  cha.ssis,  2  sync 
and  tone  decoder-module  nests,  and  a  communication 
panel.  This  unit  provides  a  c'entral  point  from  which  the 
subsystem  can  be  operated.  The  monitor  and  control 
panel  contains  switches,  indicators,  counters,  and  a  cIcK'k. 
The  switches  provide  seU'ction  of  operating  commands 
for  a  subsystem  during  test  <ir  o|X‘rate  mcKh^s.  Lights  in 
switches  and  indicators  provide  monitoring  information 
of  system  status  and  opt‘ration  conditions.  The  counters 
indicate  the  film-rt'corder  camera  o|M‘ration  by  counting 
the  frame  exposures  of  the  .35-iuiu  camera,  and  the  cliK-k 
displays  a  24-hr  GMT.  The  monitor  or  scoix's  (de|H*nding 
upon  the  subsystem  configuration)  monitor  tht*  video  sig¬ 
nals  being  applied  to  the  kinescojie  display  circuits. 


Table  29.  Power  supply  voltage  and  current  ratings 


Nomlfiol  V9lt09«,  V 

Current,  omp 

Vollat*  llmittf  V 

4.S 

5.0 

4.4  to  4.6 

12.0 

5.0 

11.7510  12.25 

16.5 

10.0 

16.1  10  16.9 

26.0 

20.0 

25.510  26.5 

150.0 

0.8 

147  to  153 

300.0 

1.5 

294  to  306 

12.0 

5.0 

11.7510  12.25 

150.0 

0.8 

14710  153 

300.0 

' 

3.0 

294  lo  306 

The  Channel  S-F  sync  chassis  and  the  Channel  F  sync- 
tone  deetKier  chassis  separate  and  develop  signals  to  pro¬ 
duct-  the  picture  presentation  and  select  the  proper  tt)lor 
filter  indicator  lamp  at  the  film  rettirder.  The  sync  and 
tone-dect)der  Nests  1  and  2  ctmtain  the  modules  which 
provide  the  sync  and  tone-dect)ch-r  logic  reqiiiri*d  by  the 
film  r«“cordi-r. 

Tones  ar«-  separatitl  from  the  ctimiiosite  vidtt)  signals 
by  2  identical  tom-  stripp«-rs.  The  tone  strippers  art- 
shown  in  Figure  45.  Each  stripjx-r  tt)nsists  of  3  decoders 
that  are  identical  except  f«)r  the-  frequency  of  the  input 
filter.  Tin-  filt<-r  i)ossessing  frequency  characteristics  sim¬ 
ilar  to  the  tone  frequency  will  pass  the  tone  to  the  tone 
deciKler.  The  tone  is  amplifit-d  by  Ql.  Q2,  Q3,  and  Q4.  The 
amplifit-d  tone-  is  detected,  integrated,  and  applied  to  the 


Figure  45.  Ton*  decoder 
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Schmitt  trigger,  consisting  of  Q5  and  Q6.  The  Schmitt 
trigger  output  is  amplified  and  clamped  to  4.5  v.  Tone 
decoder  outputs  are  used  to  indicate  absence  of  tone  and 
to  indicate  the  color  of  the  filter  used  in  the  TV  camera. 

Input  to  the  tone  stripper  is  fnim  the  video-distribution 
amplifier,  shown  in  Figure  46.  The  video-distribution 
amplifier  is  an  impedance-matching  device,  accepting 
video  signals  from  a  91-ohm  impedance  and  driving 
91-ohm  lines.  The  input  signals  are  nominal  1-v  peak-to- 
peak  positive-going  wave  forms  frtim  a  1-v  referenc'e 
level.  The  module  t'omprises  4  identical  but  separate  cir¬ 
cuits,  each  having  unity  gain.  Terminal  connec-tions  are 
such  that  maximum  usage  flexibility  is  provided. 

Film  recorder  unit.  The  film  recorder  consists  (»f  a 
35-mm  camera,  Polaroid- Land  camera,  high  voltage 
power  supply,  camera  control,  kinescope,  kinescop<‘- 
control  circuits,  and  deflection  amplifier.  Figure  47  is 
a  block  diagram  of  the  film-recorder  unit.  The  primary 
purpose  of  this  unit  is  to  provide  a  film  rt‘cord  of  the 
kinescope  display.  The  kinesco{X'  display  is  transmitted 
from  TV  cameras  on  the  payload,  and  a  35-mm  camera 
photographs  the  picture  produced  on  the  face  of  the 
kinescope.  Adjac-ent  to  the  T\'  picture  on  each  35-mm 
frame  is  a  picture  of  a  data  box,  consisting  of  a  24-hr 
clock,  frame  counter,  tone-txxle  notation,  and  a  write-in 
block  for  other  |X*rtinent  infonnation.  Tlie  Polaroid 
camera  provides  a  means  of  monitoring  the  display 
operation  of  the  film-recorder  unit  by  rapidly  furnish- 


Figur*  46.  Video  distribution  ompiifior 


ing  a  print  of  the  kinesc-ope  display.  Also  provided 
with  the  Polaroid  picture  is  a  data-block  display  with 
information  nearly  identical  to  that  photographed  by 
the  35-mm  camera.  The  kinescope  electronics,  deflection 
amplifier,  high  voltage  power  supply,  and  camera-control 
subassemblies  provide  the  necessary  functions  for  the 
kinescopt*  to  produce  a  quality  picture  and  control  the 
action  of  the  .35-mm  camera. 

The  35-mm  camera  lens  was  selected  on  the  basis  of 
extensive  tests  performed  by  RCA  Applied  Research  in 
Camdtm.  Five  lenses  were  testc*d  (Taylor-Taylor  and 
Hobson,  Bausch  and  Lomb,  E.  Leitz,  Canon,  and  Nikkor). 
On  the  basis  of  tests  performed,  the  Canon  100-mm 
f/3.5  lens  was  selected.  The  sine-wave  response  of  this 


Figur*  47.  Film  racordar  unit 
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lens  (800  TV  lines  per  picture  height)  at  f/4.5  was  8-1'/; 
at  f/8,  it  was  90?.  Calculations  to  establish  tlu*  re(|uire(l 
exiwsurt'  indicate*  that  the  lens  opening  will  be  betw<><'n 
f/4.5  and  f/8. 

Eastman  Kodak  film  5374  was  tentatively  seh-cted. 
Res(»lution  figures  were  obtained  from  Eastman.  On  the 
basis  of  sine-wave  response  testing  of  5302  film  and 
the  comparison  obtained  from  Eastman  b(‘twet*n  5.302 
and  5374  (5374  has  appro.ximately  15?  better  resolution 
than  5302),  the  ap<>rture  response  of  5374  film  with  an 
800  TV-line  raster  has  been  calcidated  to  be  between 
75  and  80?. 

process  has  been  established  and  texted  for  d«-velop 
ing  the  5374  film  which  will  r<‘sult  in  a  transparency  hav¬ 
ing  a  gamma  factor  of  1. 

b.  Ground  communicatiom.  The*  purpose  of  the  com¬ 
munication  (Portion  of  CSE  being  supplic-d  to  the*  DSIF 
Goldstone  facility  is  to  reduce  the  composite  96()-me 
signal  into  2  s<‘parate  vidcM)  signals  and  a  print-out  of 
the*  telc'metry  information.  In  order  to  accomplish  this 
with  maximum  reliability,  a  complc'tely  rc'diindant  xyste.n 
is  usc'd  (Fig  48). 

960-mc  information  is  received  and  translatc>d  into  a 
.30-mc  IF  signal.  To  assure*  a  fiat  2-mc  bandwidth,  a 
s(*parate  .3()-mc  I F  pr<*amplifier  is  mount(*d  on  the*  ante*nna. 
This  composite*  signal  is  couple*d  t<»  the*  R(;.\  e*e|uipme>nt 
located  in  the*  e>iJeratieins  building,  .^t  this  |H>int.  the  2 
chunne*ls  are*  se*parate*d:  1  is  preK'esse*d  by  a  4..5-mc  IF,  the* 
e)the*r  by  a  5.5-mc  IF.  .^fte*r  limiting,  the  signal  is  de*tee  te*el 
and  the*  tele*me*tr\'  infemnatiem  .se*parate*el  for  further 
pre)ce*.ssing.  The*  vide*e)  signal  the*n  geM*s  through  a  le>w  pass 
filte*r  te)  suppre*.ss  the  te*leme*trx-  channe*l.  fe)lle)weel  by  a  de¬ 
emphasis  ne*twe)rk  te)  re*ste)re*  the*  fiat  viele'e)  .s|H*etnim.  This 
signal  is  the*n  fe*d  te)  the*  kine*sce)pe  re*ce)relers  fe)r  real 
ti)ne*  elisplay. 


Tape*  re*ce)rde*rs  are*  use*d  fe)r  pre*detection  storage  of 
re*ce*ive*d  signals.  For  this  purpose,  the  5-mc  IF  is  trans- 
late*d  to  a  500-kc  carrier,  rece)rde*d  on  2  channels  of  a  tape 
recorder.  For  playback,  the  outputs  of  the  2  channels 
are*  c()mbine*d  and  fe*d  to  a  500-kc  demodulator.  This 
composite*  signal  is  then  coupled  (in  place  of  the  5-mc 
de*mc)dulate)r  e)utput)  through  filter  ne*tworks  to  the  kine¬ 
scope*  and  te*Ie*metry  re*diiction  system. 

The*  te*le*me*try-re*ductie)n  sy.ste*m  has  an  analog-te)-digital 
c*onve*rte*r  with  print  e)ut.  Analeig  inferrmation  may  be 
rece'ive*d  in  3  ways; 

(1)  (.'ruise*  te*le*me*fry:  Channe*!  8  over  the  bus  trans- 
mitte*r.  An  IRIG  de*mexlulator  is  used  to  reduce 
the*  CMianne*!  8  FM  signal  to  an  analog  voltage. 

(2)  Tc'rminal  tele*me*try.  A  225-kc  subcarrier  on  the  TV' 
(ransmitte*r  is  de*me)dulate*d  to  obtain  the  analog 
te*leme*try  signal. 

(3)  En)e*rge“ncy  te*Ie*me*try.  The*  5-mc  signal  is  fe*d  to 
a  narre)w-band  phase*- locked  lex)p.  The  output  e)f 
the*  phase*-le>cke*el  leH)p  is  ce)uple“d  to  the*  .'\dtx)n  unit. 

The  .VelceMi  unit  pre)viele*s  a  synchre)ni/ing  signal  to  the 
print-e)ut.  The*  te*le*nu*try  inferrmation  is  printed  out  using 
a  2-eligit  fe)rmat  (frean  (M)  to  99). 

Te)  te*st  the*  gremnd  system,  a  TV  simulator  will  be* 
ince>rporat)*el.  Te)  che*ck  the*  ce)mmunic*atie>n  portiem  e)f  the* 
grounel  statieai,  the*  signals  from  the*  .simulate)r  are  pre*- 
)‘mphasi/e*el  anel  fe*el  te)  the*  te*st  transmitte*r  leKate*d  in  the* 
e-olli)natie>n  te)we*r.  .Vt  the*  ce>llimatie)n  te)we*r,  the  flight 
transmitte*rs  are*  simulate*d  at  a  1-mw  Ie*ve*l,  cx)mbine?d  with 
the*  bus  signal,  anel  radiate*tl  te)  the  Goldstone  dish.  Power 
le*ve*ls  ))f  the*  te’st  transmitte*rs  are*  calihrate*d  so  that  the* 
DSIF  e*epiipm)*nt  )))av  l>e*  che*cke*el  at  a  thre*she)ld  signal 
level. 

Ve*nele)r  s))ure'e*s  feer  the*  le)w  neri.se*  pre*amplifie*r  fe)r  the* 
Geeldstone*  installatie)))  are  )H*ing  inve*stigate*d. 
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II.  Siirocyor 


The  objective  of  the  .Soreci/or  project  is  l<i  soft-land  a 
series  of  spacecraft  on  the  Moon.  TIu*  Iliiffhes  Aircraft 
Company,  under  contract  coseraRe  from  the  Jet  Propul¬ 
sion  Laboratory,  has  the  resiionsibility  for  the  design  and 
development  of  the  spacecraft,  ground  sup|K>rt  and  data 
handling  e(|uipment.  primary  doc'um(>ntation.  and  mission 
operations. 

A  Surveyor  spac'ecraft  design  for  the  first  two  missions 
has  been  releastnl  and  plac(>d  under  formal  change  con¬ 
trol.  A  number  of  improvements  have  htn-n  incorporated 
in  the  general  spacecraft  arrangement,  as  well  as  in  sub¬ 
system  design.  Improvements  in  the  flight  control  system 
include  converting  from  an  open-ln<ip  vernier  thnist  com¬ 
mand  channel  to  a  closed-loop  acceleration  command 
servo;  in  addition,  the  hang-bang  .solenoid  actuator  in  the 
thrust-phase  roll  control  system  has  lx‘<*n  replacerl  by  a 
proportional  positioning  servo. 

Calculations  of  vernier  pro|)elIant  consumption  have 
been  refined;  one  significant  result  was  a  reduction  of 
main  retro-engine  propellant  weight.  The  deswnt  tra¬ 
jectory  conditions  under  which  hlimi  /on<‘s  for  doppler 
radar  operation  can  <Kcur  have  b<H‘n  studied,  and  it 
appears  desirable  to  m(Klify  the  radar  logic  circuitry  to 
minimize  blind  zone  effects.  A  more  refined  analy.sis  of 
t(<iichdown  dynamics,  based  on  latest  weight  and  wnter- 
of-gravity  locations  and  on  actual  (rath<*r  than  rigid-borly) 
loads,  has  been  completed.  Lateral  vibration  testing  of  a 
spacefram*'  with  simulated  components  was  completwl 
and  design  improvements  incorporat«’d  as  a  result.  A  pro¬ 
totype  thermally  controlled  compartment  is  lj<>ing  testerl 
in  a  high-vacimm  ihamber  to  evaluate  effectiv«*ness  of 
the  multiple-layer  radiation  insulation. 


Coupling  coefficients  have  been  measured  on  slot  pat¬ 
terns  for  the  planar  array  antenna  to  determine  slot 
spacing  for  desired  phase*  corrections.  A  complete  func¬ 
tioning  hrt'adhoard  of  the  altitude  marking  radar  is  being 
testc*d  in  a  roof-house  installation.  Some  components  for 
tin*  radar  altimet(‘r  and  doppler  velocity  sensor  have 
comph'ted  breadboard  tests. 

Testing  of  flight-tyi>e  components  for  the  vernier 
propulsion  system  has  started.  Vernier  thrust  chamber 
performance  has  been  below  specification  limits,  but 
modifications  now  bcung  tested  show  considerable  im¬ 
provement.  Tw«)  spac-eframes  have  been  delivered  to 
Thiokol  for  use  in  tests  of  the  vernier  system.  Crain 
cracking  tixik  plac***  in  the  second  main  retro-rocket 
engin«*  firttl;  stress  relief  boots  were  added  in  the  third 
(‘ngine  fired  and  cracking  did  not  oc-cur. 

Dev«*lopmental  extension  booms  and  test  fixtures  have 
b(H*n  fabricated  for  cold  gas  actuation  tests,  and  wiring 
harnesses  of  various  types  for  the  booms  are  being  tested. 
A  design  improvement  in  the  solar  panel/antenna  posi¬ 
tioner  will  gi\  e  a  substantial  weight  reduction.  Generally 
satisfactory  results  were  obtained  in  tests  of  the  subsur¬ 
face  sampler  in  a  high-vacuum  chamber. 

The  Atlantic  Missile  Range  spacecraft  test  procedure 
has  been  res  ist'd  in  accordance  with  the  decision  to  per¬ 
form  terminal  sterilization  of  the  siiacecraft  before 
mounting  it  on  the  Centaur.  Fabrication  of  components 
for  the  command  and  data  handling  console  has  startl'd. 
,\  siU'cification  for  the  Surreyor  spacecraft  simulator  has 
been  jirepared. 
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A.  System  Design  Summary 

1.  Sysfvm  DctcWpHen 

The  spacecraft  configuration,  incorporating  all  scientific 
instruments  designated  for  the  first  two  missions,  P-42  and 
P-43,  has  been  released  and  is  under  formal  change  con¬ 
trol.  The  general  arrangement  for  the  stowed,  mid-course, 
and  post-landing  conditions  is  shown  in  Figure  1.  Addi- 
tionid  views  of  the  post-landed  configuration  are  shown 
in  Section  J.  The  significant  configuration  changes  since 
last  reporting  are  also  described  in  Section  ]. 

Two  important  design  changes  have  been  made  in  the 
fiight  control  system  during  the  reporting  period.  First, 
the  thrust  control  system  has  been  converted  from  an 
open-loop  thrust  command  channel  to  a  closed-loop  accel¬ 
eration  command  servo.  This  has  been  accomplished  by 
extending  the  use  of  the  accelerometer  in  the  mid-course 
velocity  control  system  to  the  terminal  phase.  The  second 
important  modification  involves  a  change  in  the  thrust 
phase  roll  control  system.  The  bang-bang  solenoid  actu¬ 
ator  originally  planned  for  use  in  a  limit  cycle  control 
system  has  been  replaced  by  a  proportional  positioning 
servo  employing  a  conventional  400-cps  servo  motor. 

2.  Weight  Summufy 

Current  weight  status  is  summarized  in  Table  1  and 
broken  down  in  detail  in  Table  2.  The  weight  reporting 
format  has  been  expanded  to  include  columns  for  maxi¬ 
mum  allowable  weight,  current  design  weight,  and  pre¬ 
dicted  flight  weight.  The  previously  reported  "current 
weight"  column  was  intended  to  show  current  predictions 
of  flight  weight,  and  has  been  renamed  "predicted  flight 
weight.”  The  newly  added  column,  "current  design 
weight,”  shows  weights  associated  with  current  hardware 
designs;  these  weights  are  obtained  by  estimate,  by  cal¬ 
culation  from  drawings,  or  by  actual  weight  measure¬ 
ment,  depending  upon  the  state  of  development  of  the 
hardware  involved.  Predicted  flight  weights  are  shown 
to  be  less  than  current  design  weights  only  when  means 
for  weight  reduction  are  known  and  are  in  process  of 
incorporation;  these  weight  reductions  will  result  in  lower 
current  design  weights  in  future  reports.  Additional 
means  for  weight  reduction  that  are  under  study,  but  are 
not  presently  being  incorporated,  are  not  included  in 
predicted  flight  weights. 

The  total  separated  flight  weight  reported  in  SPS  37-12 
was  2527.5  pounds  (based  on  345  pounds  of  scientific 
payload  weight),  compart'd  the  present  pre¬ 
dicted  flight  weight  of  2537.6  pounds.  The  greatest  in- 
crea.se  has  been  in  the  spacecraft  vehicle  .subsystem,  ftw 


Table  1.  Spacecraft  weight  summary 


ItoiH 

■  Maillols 

w^, 

CuffMIt 

Wtlfllt, 

lb 

ffjewa 

Maht 

waiipbl, 

lb 

Tetol  MporotGd  wtlght 

2MO.O 

2S74.7 

2337.6 

loilc  bwi 

SS3.0 

«1l.1 

396.1 

UtpbU  prop«lloflt 

IM2.0 

1603.0 

1390.0 

Sciantltic  poylaod 

34S.0 

331.6 

330.1 

which  the  weight  reported  was  161.6  pounds, 
compared  with  a  present  current  design  weight  of  182.1 
pounds.  This  increase  results  from  computer  stress  analy¬ 
ses  and  test  data  from  spaceframe  S-1  that  indicate  a 
need  for  stronger  attachment  fittings,  additional  truss 
bracing,  and  increased  wall  thickness  in  certain  of  the 
tubular  members  of  the  structure.  At  the  same  time, 
there  have  been  reductions  in  the  antenna/solar  panel 
positioner  and  main  retro-engine  weights.  A  15-pound 
saving  in  the  retro-engine  has  been  achieved  by  further 
trajectory  optimization  studies. 

3.  Elocfrfcof  Energy 

An  electrical  energy  summary  is  shown  in  Table  3.  This 
summary  assumes  launch  on  the  eighth  day  of  the  launch 
window  in  August  1963;  for  this  launch  condition,  solar 
energy  will  be  available  to  the  spacecraft  for  163  hours 
from  touchdown  until  crossing  of  the  first  day/night 
terminator.  The  current  estimated  energy  requirements 
are  based  upon  the  payload  specified  for  Missions  P-42 
and  P-43. 

The  total  available  daytime  energy,  7628  watt-hours, 
represents  a  significant  increase  over  the  available  5180 
watt-hours  reported  in  September  1961.  This  increase 
results  primarily  from  a  redesign  of  the  battery  charging 
circuitry  to  make  more  of  the  total  incident  energy  avail¬ 
able  to  the  electrical  power  sy';tem.  In  addition,  more 
energy  is  predicted  available  a'  a  result  of  re-estimating 
the  post-landing  remainder  of  the  first  lunar  day  to  be 
163  hours  instead  of  the  150  hours  assumed  previously. 
Portions  of  the  increase  in  available  energy  have  been 
made  available  to  the  basic  bus,  the  scientific  payload, 
and  the  reserve.  Nighttime  energy  is  supplied  by  bat¬ 
teries  that  are  charged  to  their  full  capacity  of  5300 
watt-hours  prior  to  passing  of  the  day/night  terminator. 

4.  Command  and  Data  Cfionnafs 

Command  and  data  channels  now  being  provided  in 
the  spacecraft  arc  summarized  in  Table  4.  In  the  table, 
the  channels  arc  divided  between  those  required  for  the 


60 


CONFIDENTIAL 


CONFIDENTIAL 


.JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


landing  gear  I 


ACOUSTIC  SENSOR 

penetrometer  (3) 
omnidirectional  antenna 


klystron  power  Supply 
and  modulator 


VERNIER  THRUST  CHAMBER 
oxidizer  TANK 


TV  CAMERA  I 


altimeter-velocity 
SENSING  ANTENNA 


COMPARTMENT  A 


SOIL  MECHANICS  EXPERIMENT 


VERNIER  THRUST 

Chamber  fuel  tank 


VERNIER  thrust 
CHAMBER  7  (FixEDI 


VERNIER  thrust 
Chamber  oxidizer  tank 


landing  gear  2 


ROLL  ATTITUDE  jET  NOZZLE  ASSEMBLY 
SPACECRAFT  ANCHOR  (31 


COMPARTMENT  C 


‘  -  i  Y 

'Y'  '• 


/  A;;  '.V' 


VERNIER  thrust  CHAMBER  I  (GIMBALLEO) 
landing  GEAR  release  MECHANISM  (3) 
VERNIER  thrust  CHAMBER 
FUEL  TANK 

SIGNAL  DATA  CONVERTER 
density  EXPERIMENT  AND  ACOUSTIC  SENSOR 


VELOCITY  SENSING  ANTENNA 
COMPARTMENT  B 

TV  CAMERA  2 

'  flight  control 
SENSOR  GROUP 


HIGH  resolution 
telescope  and 

Tv  CAMERA  S 

—  3 

RADIATION  detector 

VERNIER  thrust  chamber 
OXIDIZER  tank 

VERNIER  thrust  Chamber 
Fuel  tank 


landing  gear  3 


i  ^ 

1:1 


'  VERNIER  thrust 

CHAMBER  3  iFixEDI 

X  RAY  Diffractometer 

X  RAY  diffractometer 
MVPS 


•  acoustic  source 


Vt 


SURFACE  sampler 
TV  camera  3 
TV  CAMERA  4 

Subsurface  probe 
SuB5uRFA(.E  sampler 


X-RAY  spectrometer  HVPS 
X  RAY  SPECTROMETER 
GAS  CHROMATOGRAPH 
■  SOIL  PREPARATION  AND 

distribution  system  -■ 

VERNIER  TmRuST  CHAMBER  FuEl  ^ 

SYSTEM  PRESSURIZATION  TANK  (Hf) 


PITCH  AND  YAW  ATTITUDE 
JET  NOZZlE  assembly  (2) 

MAGNETIC  susceptibility  EXPERIMENT 
OMNIDIRECTIONAL  ANTENNA 


Planar  array  antenna  and  solar  panel  have  been  omitted  from  this  view  for  ciarity 


Figur*  1.  Spacecraft  ganaral  arrangamant 
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basic  bus  and  tiiose  required  for  the  scientific  payload. 
Command  and  data  channels  listed  for  the  scientific  pay- 
load  include  those  required  by  the  Hughes-supplied 
instrument  auxiliaries,  both  mechanisms  and  electronics, 


in  addition  to  the  specific  instrument  requirements.  The 
figures  indicated  in  this  summary  are  based  upon  the 
scientific  payload  specified  for  the  first  two  missions,  P-42 
and  P-43. 


Tabi*  2.  WaighI  braakdewn 


lt«m 

CorroMt 

dotie* 

WOlfllt, 

lb 

9ra<Uctad 

Wgbt 

waight, 

lb 

1.0  lASIC  lUS  (total) 

333.0 

Slt.1 

396.0 

1.1  Flight  control 

Sonior  group 

Socondory  tun  lontor 

Aftitudo  control  tyttom 

46.4 

46.4 

1.2  floctronict 

Doto  Link  (ontonn«M« 
iF  twitchoto  frontniiltor 
and  dipUior,  connaond 
rocoivor  and  trantpondor) 
Control  comniand  docodor 
Control  tignal  procottor 

AHItudo  marking  radar 

Dopplor  volocity  lontor 
and  oHimotor 

Powor  control  lyttom 

TV  Comoro  No.  4 
fnginooring  data 
procowing 

Mochanitmt  auKlIloriot 

93.9 

93.9 

1.3  lloctricol  powor 

Solor  ponol 
iottoriot 

31.3 

30.3 

1 ,4  MockaniMni 

foiitionor,  plonor 
ontonno/ tolar  ponol 

Antonno  mochanitmt, 
omnidiroctionol 

Sofoty  and  arming 
provitiont 

Soporotion  lonting  dovico 

31.4 

27.0 

1.5  Spococroft  Yohklo 

Spococroft  itrvcturo 
londing  goor  initallation 
Fguipmont  ottoching  hordworo 
Equipmont  comportmontt  A, 

1,  ondC 

Eloctrkol  wiring 

Pnovmotk  linoi, 
ottitudo  control 

Rolooio  mochonitm, 
rotro*rockot  ongino 

Enginooring  mooturomonti 
tontort 

1U.9 

102.1 

1 .6  Spococroft  propultion 
(not  including  utoblo 
propollont) 

Rockot  ongino,  moin  rotro 
Vorniur  propulsion  tyitom 
UnuKiblo  vornior  propollont 
Holium 

219.0 

200.1 

Itom 

Corroiit 

dooien 

waight, 

lb 

Frodiclod 

fllgirt 

woiglll, 

lb 

2.0  USAOIE  90O9EILANT  (total) 

1,602.0 

2.1  Rotro-rockot  propollont 

2.2  Vornior  propollont 

2.3  Ryrogon  propollont  (ignitor) 

0.6 

mm 

3.0  SCIENTIFIC  FAYLOAD 
(Mltiiom  M2.|F-43)(lalai; 

343.0 

331.6 

350.8 

3.1  TV  comorot  Not.  1, 

2  and  3,  ond  mirrort 

44.0 

44.0 

3.2  TV  docodor  ond  procottor 

1.3 

1.3 

3.3  High*rotolutlon  tolotcopo 
ond  Comoro 

14.9 

14.9 

3  4  Subturfoco  tomplor 

43.3 

3.3  Surfoco  Mmplor 

10.0 

3.4  Spococroft  onchoring  dovko 

10.9 

3  7  Somplo  procOHOr 

13.3 

3.0  X-toy  ipoctfoiootor 

30.9 

3.9  X>ray  diffroctomotor 

31.1 

3.10  Cot  chromatograph 

13.3 

13.3 

3.1 1  Surfoco  goophyikol  tubtyttom 
Dontity  background  counter 
Surfoco  dontity  intfrumont 
ond  ocouitk  lontor 

Surfoco  thormol  diffutivity 
initrumont 

Surfoco  mognotk 
tuKOptibility  intfrumont 

Acouitk  tonior 

Acouitic  lOurco 

Soil  mochonki  inttrumontt 

Roiittivity  inttrumontt 
Rodiotion  pyromotor 

fonotromotort 

Subturfoco  goophyticol 
ouxiliorioi 

30.3 

30.4 

3.12  Subturfoco  logging  londo 

4.3 

3.13  Acouttk  volocity  ouHiliariot 

3.0 

3.14  Topo  rocordor 

10.6 

3.15  loniiotion  chombor  ottombly 

3.6 

3.16  Sciontifk  initrumont 
mochonitmt  ouiilioriot 

2.9 

3.1 7  Sciontifk  initrumont  thormol 
ouniliorioi 

3.3 

3.18  Scientific  poylood  bottoriot 

62.0 

62.0 

3.19  Eloctrkol  wiring 

17.0 

17.0 
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Table  3.  Elactrlcal  •yitam  etiargy  summary 


Daytimo,  IM  liourt 

NlgliHima,  230  liouri 

liMrfy 

Allawobit 

woH-heurt 

Curroirt 

oilimotaJ 

watt-tiouri 

Allowalib 

waN-haan 

Cwrraat 

MtlaiaM6 

waH-liaart 

Total  ovalloblo  onorgy 

7628 

7628 

3200 

3200 

Scientific  peyleod 
operofien 

S3S5 

3220 

4128 

4128 

Sasic  bus  eparotlen 

743 

724 

827 

886 

Energy  reserve 

1328 

1374 

243 

286 

Table  4.  Spacecraft  command  and  data  channels 


iMai 

Cammandt 

Data 

Chanaelc 

Sosic  bus 

Ooto  link  and  TV  camera  No.  4 

29 

20 

Signal  processing 

29 

“ 

Mechanisms,  propulsion,  ond  vehicle 

21 

47 

Electricol  power  ond  rodor 

14 

13 

Flight  control 

M 

a 

118 

146 

ScionHtk  poyleod 

Tope  recorder 

10 

- 

Sorfaca  gtophyikol 

29 

9 

Swbuirfaco  goephytical 

12 

7 

Oaophytkol  ihormol 

3 

9 

Acau<Mc  valocity 

4 

9 

Subturfaca  Mmplor  and  pracoulng 

21 

17 

Sarfewa  Mmplar 

9 

4 

Oat  chraoratagraph 

12 

9 

X*roy  diffractometer 

11 

3 

X’roy  spectrometer 

12 

3 

ladiotien  detector 

7 

3 

Television  system 

22 

12 

163 

91 

TOTAL 

282 

227 

B.  Scientific  Instrument  Payload 

In  addition  to  uccoinpti.<>liinK  tlic  fiiiK-tional  inti'^'ratioii 
of  tlic  .sciontific  instruments  into  the  spae«-eraft,  Hughes 
Aircraft  C.'ompany  has  provided  teehiiieal  assistance  to 
JPL  in  tile  de\»'lopment  of  tlie  prototype  instruments. 
As  a  part  of  that  assistance  a  numhe-r  of  instruiiwnt 
clianges  liave  been  evoU'ed.  Tlie  major  ehaunes  are  ri'- 
viewed  below: 

1 .  Gas  Chromatograph 

Tin-  development  of  the  prototype  jjas  ehromatoKraph 
is  heiiiH  carried  out  by  a  new  vendor,  lieekman  Instru¬ 


ments,  Inc.  Beckman  Instruments  did  not  carry  out  the 
original  breadboard  development,  and  in  the  prototype 
development  some  changes  in  design  approach  which 
affect  the  instrument/spacecraft  integration  have  there¬ 
fore  been  made. 

The  breadiMiard  design  of  the  column  detectors  used  a 
tritium  foil  radiation  source,  which  ionized  the  gases 
passing  through  the  columns,  so  that  gases  other  than  the 
carrier  gas  (helium)  could  be  detected.  The  Beckman 
design  ii.ses  a  Karmen  detector,  which  is  a  voltage  regu¬ 
lating  device,  for  performing  this  function.  The  Karmen 
deti'ctor  employs  a  corona  discharge  effect  for  detecting 
unknown  gases  passing  through  the  columns.  As  an  un¬ 
known  gas  jias.ses  through  the  detector,  the  voltage  regu¬ 
lating  characteristics  of  the  detector  change.  Thus  the 
presence  of  a  gas  other  than  the  carrier  gas  may  be 
deti‘ctc‘d  by  chang(‘s  in  the  detector  anode-cathode  volt¬ 
age.  The  effect  of  this  change  in  type  of  column  detector 
is  to  reipiire  that  the  spacecraft  provide  different  forms 
of  |)ower  for  th(‘  chromatograph. 

change  has  also  been  made  in  the  number  of  data 
channels  rt^ipiired.  Originally  the  variation  in  column 
tempt'rature  was  monitori-d  to  a  tolerance  of  ±0.5°  C.  It 
is  now  felt  that  •  0.25  C  is  recpiiri'd.  To  attain  this 
accuracy  would  reipiire  an  additional  amplifier,  result¬ 
ing  in  a  significant  weight  increase.  To  avoid  using  these 
additional  electronics,  the  following  indirect  method  of 
nu'.t.suring  this  parameter  is  Ix-ing  pursued.  Sinc-e  it  is 
the  variation  in  column  tem|H'rature  rather  than  its  abso¬ 
lute  value  that  is  imixirtant.  the  absolute  temperature 
will  b«*  measured  to  the  larger  tolerance  of  i!.  1  C.  Tlie 
t»-mpeni*uri'  variation  during  a  run  will  bt‘  determinetl  by 
moniloring  the  voltage  of  the  column  temix'rature  con¬ 
troller  and  also  the  battery  voltage.  These  two  additional 
measurements  will  prosidi*  the  measurement  accuracy 
reipiired.  .\  study  is  being  made  to  determine  the  effect 
on  tin-  spai'ccraft  of  the  change  in  the  form  of  power 
retpiired  and  llu'  additional  data  channels  recpiired. 


2.  X-Ray  Diffrattomotor 

In  SI’S  :i7-l'2  a  proposed  reduction  in  the  diffractom- 
I'ti'r  data  transmission  bandwidth  was  discussed.  All  of 
the  technical  problems  associati'd  with  this  change  have 
bei  n  resolved,  and  a  change  in  the  diffractometer  inter¬ 
face  description  is  being  prepared.  This  change  allows 
the  dilfraetoineter  data  to  be  transmitted  on  the  low- 
power  trausinittiT,  rather  than  the  high-power  transmit¬ 
ter.  with  a  resultant  saving  in  power.  The  data  bandwidth 
does  recpiiri'  the  entire  capability  of  the  low-power 
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transmitter,  however,  and  no  other  experiments  can  he 
operated  during  transmission  of  diffractometer  data. 

Tfie  scan  range  of  the  goniometer  has  been  increased 
from  50  to  S3  deg  in  order  to  detect  additional  minerals. 
This  increase  will  increase  the  time  required  to  scan 
the  range.  As  part  of  this  change,  Hughes  Aircraft  Com¬ 
pany  is  conducting  a  study,  at  JPL's  request,  of  the 
feasibility  of  allowing  real  time  decisions  during  the  scan. 

The  high-voltage  power  supplies  for  Ixith  the  diffrac¬ 
tometer  and  sjjectrometer  have  been  moved  from  the 
thermally  controlled  compartment  and  packaged  as  part 
of  the  soil  analysis  instrument  group.  This  change  has 
been  made  (1)  to  reduce  the  Urngth  of  the  25-kv 
high-voltage  cable  from  the  power  supplies  to  the  meas¬ 
uring  heads,  and  (2)  to  eliminate  a  possible  thermal 
dissipation  problem  witbin  the  compartment  where  the 
high-voltage  power  supplies  were  previously  mounted. 
This  change  of  location  places  a  new  re(|uirement  on  the 
power  supply  designs.  Since  they  are  n«»t  now  thermally 
protected  by  the  compartment,  they  must  Ik*  designed  t«) 
survis’e  the  very  low  temperatures  of  the  lunar  night. 
This  requirement  is  bt'ing  includeil  in  the  pre.sent  d<‘sign. 

3.  Physical  Paronft^n  Pockogt 

Three  of  the  four  temperature  mt'asuring  devict's  in 
the  physical  parameters  package  are  now  interferometer 
spectrometer  radiometers,  rather  than  total  radiation 
pyrometers  as  previously  used.  The  biurth  devici*  is  a 
thermopile.  The  change  to  the  interferometer  was  made 
because  it  had  become  apparent  that  the  development  of 
the  total  radiation  ps  rometer  could  not  Ik*  accomplished 
in  the  time  span  of  this  program.  The  st'Iection  of  the 
interferometer  spectrometer  allows  the  use  of  a  slightly 
modified  off-the-shelf  item  although  it  does  im|K>se  more 
difficult  interface  problems  on  the  spacecraft.  It  recpiires 
increased  power  and  additional  volume*  in  the*  ti*in|K*ra- 
ture-controlU*d  compartment  and  may  pre.sent  a  problem 
in  the  accuracy  of  transmission.  Thc*s<*  problems  are  now 
being  inve.stigat(*d  at  Hughes  Aircraft  Company. 


C.  System  Analysis 

7 .  Guldanc*  and  Traiactory 

a.  Vernier  propellant  consumption.  A  careful  rt*calcu- 
lation  of  the  verni(*r  propellant  consumption  has  lK*c*n 
made*.  Exc<*pt  for  the  mid-course*  ce)rre*ctie)n.  \\he*re*  the* 


full  26-pound  allotment  is  regarded  as  a  nominal  condi¬ 
tion,  the  dispersions  during  the  terminal  descent  phase 
are  statistically  combined  to  obtain  a  more  realistic  pic¬ 
ture  of  the  maximum  propellant  requirement.  Table  5 
summarizes  tbe  results  of  this  calculation.  The  initial 
conditions  for  the  vernier  phase  are  those  for  which  the 
sum  of  the  maximum  terminal  descent  propellant  require¬ 
ment  (nominal  Sir  dispersion),  plus  the  maximum  mid¬ 
course  requirement,  just  equals  161  pounds;  this  amount, 
except  for  ullage,  represents  the  present  tank  capacity. 
The  nominal  conditions  are  375  ft/sec  in  velocity  and 
31,000  feet  in  altitude. 

Tl)e  importance  of  this  type  of  propellant  analysis  is 
that  it  determines  the  upper  limit  of  the  starting  velocity 
and  altitude  c*onditions  within  the  capability  of  the  sys¬ 
tem.  The  lower  limit  is  determined  by  sensor  constraints 
discussed  in  detail  later  in  this  section.  The  difference 
between  the  two  velocity  limits  represents  the  unbraked 
impact  speed  window  capability,  which  has  a  direct  ef¬ 
fect  on  the  hourly  and  daily  launch  window  as  was 
discussed  in  detail  in  SPS  37-12. 


Tabu  5.  VarnUr  prapaHont  conaumptUn 


Woiol—I 

(■■■umptii*. 

U 

aiiftnln. 

Mid'CGwrw  correction  ifvH  ollowonco) 

26 

— 

Moin  rotro  photo 

Pr«*nioin  rotro  ignition 

0.4 

Nogligiblt 

Control  dvrlng  thrvtting 

30.0 

34 

Thrvtt  toil*oH  ond  toporetion 

7.2 

0.9 

Vornior  photo 

Gvid^  doicont  (minimwm 
ond  moximvm  thrvtt) 

12.0 

9.0 

AMowonco  for  togmontol 
opproximotion  of  dotcont  porobolo 

3.0 

Towchdown 

2.3 

2.6 

Total 

130.9 

10.1 

h.  Main  retro  propellant.  Several  changes  in  the 
ground  rules  for  calculating  requirements  for  main  retro 
and  vernier  propellant  have  been  made.  The  design 
spa«*craft  weight  at  start  of  servoed  vernier  descent  is 
now  lighter,  corresponding  to  full  consumption  at  mid¬ 
course  of  the  26-pound  mid-c*our.se  correction  allowance, 
in  place  of  only  17  pounds  consumed.  In  addition,  the 
pn>pellant  consumed  during  the  most  severe  dispersions 
(*neountered  during  tin*  jiowered  descent  were  previously 
add(*d  alg(*hraically  to  the  nominal  propt*llant  required. 
In  the  pri*.sent  calculations,  the  proiK'llant  TOnsumed  be¬ 
cause  of  tlu*s<*  worst  disiK'rsioi  s  is  added  to  nominal 
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propellant  in  a  statistical  (rms)  manner.  Under  these 
conditions,  a  servoed  descent  from  a  nominal  velocity  of 
375  ft/sec  after  main  retro  case  separation  brings  the 
total  vernier  propellant  required  to  the  existing  useful 
tank  capacity  of  161  pounds.  Included  in  this  161  pounds 
is  7.2  pounds  for  an  8-second  main  case  separation  period, 
during  which  the  vernier  thrust  is  at  maximum  in  order 
to  optimize  separation  dynamics.  During  this  separation 
period,  the  vehicle  is  slowed  35  ft/sec.  The  nominal  speed 
at  main  retro  burnout  is  thus  410  ft/sec.  For  this  weight 
vehicle,  and  with  unbraked  impact  speed  of  8810  ft/sec, 
or  2686  meters/sec  ( a  slight  change  from  the  value  ust*d 
formerly),  a  humout  speed  of  410  ft/sec  requires  1428 
pounds  of  main  retro  propellant  when  the  vernier  engine 
is  acting  at  its  mid-thrust  level  of  200  pounds.  This  new 
figure  for  main  retro  propellant  weight  is  17  p<iunds 
below  the  former  weight  ( 1445  pounds ) . 

With  1428  pounds  of  main  retro  propellant,  if  no  ver¬ 
nier  propellant  is  used  during  mid-course,  the  resulting 
nominal  speeds  for  this  heavier  vehicle  are  550  ft/sec  at 
main  retro  burnout  and  515  ft/sec  after  main  case  sepa¬ 
ration.  At  this  higher  speed  at  start  of  servoed  vernier 
descent,  the  additional  26  pounds  of  unused  mid-course 
vernier  propellant  is  more  than  adequate  for  the  ensuing 
successful  descent  to  a  soft  landing. 


2.  Umitatioas  on  Spacecraft  Attituch  Control 
Imposed  by  Doppler  Radars 

a.  General,  The  current  spacecraft  descent  trajectory 
design  is  based  on  the  assumption  that  the  doppler  velo¬ 
city  and  altitude  radars  cannot  be  reliably  used  while  the 
main  retro-engine  is  burning.  Thus  the  spacecraft  attitud<- 
will  be  held  fixed  inert  iaily  throughout  the  main  retro 
burning  phase  and,  due  to  main  retro  thrust  misalign¬ 
ments,  large  lateral  velocity  comjronents  may  build  up 
during  this  time.  If  the  longitudinal  velocity  at  main 
retro  burnout  is  small,  large  angles  between  the  space¬ 
craft  roll  axis  and  the  velocity  vector  may  result.  Imme¬ 
diately  after  humout,  tlie  doppler  velocity  radar  will  tlien 
control  the  spacecTaft  attitude  and  cause  the  roll  axis  to 
align  itself  with  the*  velwity  vector  (by  servoing  tin* 
lateral  velocity  components  to  zero).  Tims  at  acquisition, 
larre  angles  Iwtwec-n  tlie  spacecraft  roll  axis  and  the* 
velocity  vector  can  result  in  a  near-zero  componc’iit  of 
velocity  along  any  one  ( or  even  two )  of  the  radar  beams 
(Fig  2).  Under  this  condition,  the  beam  will  not 
operate  pro|)erly  for  r<-ason.s  described  later  in  this  sec¬ 
tion.  Thus  there  is  a  velocity-angle  region  almut  the 
spacecraft  (hereafter  referrc'd  to  as  the  “blind’’  zone)  in 


which  radar  performance  is  compromised.  The  extent  of 
this  zone  is  indicated  in  Figure  3. 

Since  it  is  desirable  to  keep  operation  out  of  this  blind 
zone  whenever  possible,  the  burnout  velocities  should  be 
as  large  as  possible.  On  the  other  hand,  vernier  fuel 
considerations  tend  to  require  the  burnout  velocity  to 
be  low.  The  present  spacecraft  design  does  not  provide  a 
sufficient  spread  between  the  limits  imposed  by  these  two 
requirements  to  provide  the  necessary  launch  window. 

Several  possible  solutions  are  under  study.  The  most 
attractive  of  these  is  to  allow  low  burnout  velocities  and 
provide  logic  circuitry  in  the  radar  which  will  minimize 
the  efiPects  of  this  restriction.  This  c.m  be  done  by  switch¬ 
ing  in  a  zero  velocity  signal  for  that  beam  which  is  near 
zero  and  thus  inoperative,  and  computing  the  velocity 
components  on  that  basis. 

b.  Radar  limitations.  Due  to  the  current  mechanization 
of  the  doppler  velocity  and  altitude  (ranging)  radars, 
there  are  several  restrictions  imposed  on  the  spacecraft 
attitude  and  velocity  vector.  These  are  described  briefly 
below. 

Attitude  relative  to  lunar  vertical.  As  shown  in  Figure 
2,  the  doppler  velocity  antenna  beams  are  tilted  25  de- 


Figur*  2.  Spacecraft  radar  b«am  geometry 


CONFIDENTIAL 


65 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13. 


grees  relative  to  the  spacecraft  roll  axis.  Thus  to  assure 
that  all  three  beams  hit  the  lunar  surface,  the  spacecraft 
attitude  angle  relative  to  the  local  lunar  vertical  can  at 
no  time  exceed  57  degrees  (  82  degrees  between  the  beam 
and  local  vertical )  at  an  altitude  of  50,000  feet  ( assuming 
a  smooth,  round  Moon).  Further,  to  provide  the  rerjuired 
signal-to-noise  ratio  ( under  the  assumption  of  a  Lambert 
scattering  law  for  the  lunar  surface  at  the  radar  frerpien- 
cies),  this  attitude  angle  shall  be  limited  to  45  degrees. 

Negative  longitudinal  velocity  limitation.  The  current 
doppler  extraction  circuitry  in  the  radars  does  not  include 
equipment  necessary  for  operation  when  the  comironent 
of  vel(x;ity  along  the  spacecraft  roll  axis  is  negative  ( that 
is,  in  an  upward  or  rising  direction).  Thus  the  angle 
between  the  spacecraft  roll  axis  and  the  velocity  v»“ctor 
has  an  absolute  maximum  of  90  degrees.  It  shoidd  be 
noted  here  that  the  radar  design  has  been  maintained 


.  . . . . . . . ■  ..V  ,  .vv.v 

0  200  400  SOO 

veiocity  vector 


Figure  3.  Blind  zone  for  radar  acquisition 


such  that  the  addition  of  this  negative  V,  capability  is  a 
relatively  easy  matter  in  case  it  is  desired  in  future  sys¬ 
tems. 

Angle  between  spacecraft  roll  axis  and  velocity  vector. 
The  component  of  velocity  along  any  of  the  radar  beams 
( Vn)  is  given  by 

Fi,  ■=  ViCOjy 

where  V,  is  tlie  total  velocity  magnitude  and  y  is  the 
angle  between  the  velocity  vector  and  the  radar  beam. 
Two  considerations  restrict  operation  when  this  c  )mpo- 
nent  of  velocity,  V^,  approaches  zero:  the  signal-to-noise 
ratio  decreases  due  to  an  increasing  noise  density  from 
the  crvstal  mixers  at  the  low  frequencies;  and  the  track¬ 
ing  bandpass  filter  cannot  be  swept  close  to  zero  doppler 
during  the  acquisition  phase  without  having  a  high  prob¬ 
ability  of  locking  on  to  the  leakage  signal.  Tliese  two  re¬ 
strictions,  defining  a  blind  zone  for  acejuisition,  are  shown 
in  Figure  .3  for  the  case  where  the  velocity  vector,  the 
spacecraft  roll  axis,  and  one  of  the  doppler  velocity  beams 
all  lie  in  the  same  plane.  That  is,  if  the  spacecraft  falls 
in  that  region  at  main  retro  burnout,  one  of  the  radar 
trackers  will  not  be  able  to  acquire  the  reflected  signal 
and  thus  a  measurement  of  velocity  cannot  be  made.  The 
irosition  and  extent  of  this  blind  zone  may  be  observed  in 
another  way  in  Figure  4.  Here  the  blind  zone  is  shown 
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as  a  function  of  c  ( the  angle  between  the  velocity  vector 
and  the  roll  axis )  and  ( the  angle  between  the  projection 
of  the  velocity  vector  into  the  spacecraft  X  —  Y  plane 
and  the  spacecraft  X  axis ).  Two  widths  of  the  blind  zone 
are  shown;  one  for  a  ±;  10-degree  width  and  the  other 
for  a  ±.  15-degree  width.  The  solid  line  indicates  those 
angles  for  which  the  component  of  velocity  along  each 
of  the  beams  ( 1,  2,  and  3)  is  exactly  zero.  From  this  fig¬ 
ure,  it  may  be  seen  that  if  the  angle  between  the  space¬ 
craft  roll  axis  and  the  velocity  vector  is  allowed  t<»  excised 
65  degrees,  there  are  large  regions  in  which  at  least  one 
of  the  three  radar  beams  sees  zero  or  near-zero  velocity, 
several  regions  (marked  A,  B,  C,  and  D)  in  which  two 
of  the  beams  simultaneously  have  near-zero  velocities 
and,  if  the  blind  zone  is  large  enough  ( greater  than  12.5 
degrees),  one  region  in  which  the  blind  zone  of  all  three 
beams  will  coincide.  A  rough  analysis  has  shown  that 
the  probability  of  the  velocity  vector  falling  into  the 
blind  zone  is  approximately  0.12  for  a  ±10  degree  blind 
zone,  subject  to  the  following  assumptions: 

(1)  »;  is  uniformly  distributed  between  0  and  .380 
degrees. 

( 2 )  c  is  Rayleigh  distributtnl  with  <f  =:  30  dogre<*s 
(applies  to  the  45  degree  landing  approach  case). 

( This  is  grossly  oversimplified  and  is  included  here  only 
to  indicate  that  if  <  is  allowed  to  reach  90  degri‘es  the 
problem  of  blind  zones  is  a  real  one. ) 

c.  Vehicle  derign  Umitationa,  As  a  result  of  a  previous 
decision  not  to  use  the  doppler  radar  outputs  to  control 
the  vehicle  attitude  until  after  the  main  retro-engine  has 
burned  out,  large  angles  between  the  spacecraft  roll  axis 
and  the  velocity  vector  at  burnout  may  exist.  Tliis  is  due 
to  misalignments  betwe«’n  the  initial  vel(»city  vector  and 
the  thnist  axis  during  burning,  discussed  in  detail  in 
Reference  2.  During  the  entire  retro-engine  burning 
phase,  the  vehicle  attitude  control  is  in  an  inertial  mode. 
Thus  any  initial  misalignment  between  the  thnist  axis 
and  the  velocity  vector  will  p<<rsist  throughout  the  burn¬ 
ing  and  will  build  up  a  lateral  velocity  component  at 
the  same  time  that  the  longitudinal  veltK-ity  is  being 
decreased.  For  the  design  tolerances  involve<l,  this  lat¬ 
eral  velocity  component  may  be  as  much  as  1.50  ft/sec 
(3<r).  Thus  trajectories  with  longitudinal  burnout  velo¬ 
cities  of  this  magnitude  will  result  in  large  angles  Ix'twcni 
the  roll  axis  and  the  velocity  vector  at  burnout. 

The  main  retro-engine  burnout  conditions  are  influ¬ 
enced  (among  otber  factors)  by  tbc  lunar  approach 
velocity,  the  total  impulse  siijiplied  by  tbc  main  retro, 
the  amount  of  vernier  cmgine  propellant  allotti'd  for  tin- 


post-retro  descent,  the  landing  approach  angle,  and  the 
ignition  altitude,  as  well  as  the  angular  considerations 
described  above.  In  order  to  provide  the  required  Cold- 
stone  visibility  at  landing  for  all  conditions  of  lunar  dec¬ 
lination,  Earth-Moon  distance,  and  permissible  launch 
azimuths,  variations  in  the  time  of  flight  and  thus  in 
lunar  approach  velocity  must  be  provided.  This  was 
discuss(>d  in  detail  in  .SPS  37-12.  To  accommodate 
these  variations  in  approach  velocity  while  maintaining 
a  fixed  total  impulse  retro-engine  requires  a  variation  in 
retro-engine  burnout  velocity  of  at  least  218  ft/sec,  and 
preferably  238  ft/sec,  assuming  the  full  90  to  114  degree 
launch  azimuth  capability.  ( If  this  launch  azimuth  capa¬ 
bility  is  not  available,  even  greater  velocity  variations  are 
reipiired. )  Other  considerations  (primarily  the  vernier 
engine  propellant  limitations )  limit  the  maximum  allow¬ 
able  nominal  burnout  velocity  to  approximately  375 
ft/sec.  Thus  a  minimum  nominal  burnout  velocity  of 
about  375  —  218  =  157  ft/sec  ( 137  ft/sec  desired )  would 
be  required  to  provide  the  desired  launch  windows.  This, 
in  conjunction  with  the  dispersions  on  the  burnout  veloc¬ 
ity  (±125  ft/sec  — 3<r),  would  result  in  a  minimum 
burnout  velocity  of  nearly  32  ft/sec,  which  is  much  too 
low. 
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This  problem  may  be  considered  in  another  way. 
Shown  in  Figure  5  are  the  doppler  velocity  acquisition 
limits  replotted  from  Figure  3.  Also  shown  in  Figure  5  is 
the  burnout  dispersion  ellipse  (da)  for  the  minimum 
allowed  nominal  burnout  velocity  for  a  vertical  approach 
(197  ft/sec)  that  will  provide  no  burnout  conditions  that 
fall  in  the  radar  blind  region  and  no  angle  greater  than 
45  degrees  with  the  vertical.  This  condition  would  pro¬ 
vide  a  variation  in  approach  speed  of  only  375  —  197 
=  178  ft/sec,  which  is  considerably  under  the  218  ft/sec 
velocity  increment  required. 

The  situation  is  somewhat  more  complicated  for  obli¬ 
que  landing  conditions,  and  the  burnout  conditions  for 
the  maximum  landing  approach  angle  case  (45  degrees) 
is  being  worked  on  currently.  It  has  already  become 
evident  that  for  a  45-degree  landing  condition,  angles 
between  the  roll  axis  and  the  velocity  vector  greater  than 
65  degrees  will  be  required  to  meet  the  desired  launch 
window  conditions.  In  fact,  it  is  highly  desirable  to  oper¬ 
ate  with  this  angle  up  to  its  absolute  maximum  of  90 
degrees.  Thus  burnout  conditions  extending  into  the 
blind  zones  are  required. 

d.  Possible  soiuHons.  Several  solutions  to  the  doppler 
radar  limitation  problem  are  possible  and  are  considered 
briefly  in  the  following  paragraphs.  The  currently  most 
attractive  solution  (Item  2  below)  is  then  discussed  in 
more  detail. 

( 1 )  Further  tests  of  radio  propagation  in  the  highly 
ionized  gases  of  a  rocket  exhaust  may  show  that 
performance  of  the  doppler  radar  will  not  be  seri¬ 
ously  degraded  by  the  main  retro-rocket  exhaust. 
In  .'lis  case,  doppler  radar  operation  could  cxim- 
mence  before  the  velocity  errors  grow  large,  and 
the  problem  would  be  eliminated.  This  is  the 
hoped-for  solution  for  subsequent  flights,  but  it 
cannot  be  countwl  on  for  the  first  flights. 

(2)  The  radars  can  be  modifirxl  to  eliminate  the  ' 
zone  restriction.  This  could  be  accomplished  by 
providing  logic  circuitry  in  the  radars  such  that, 
should  one  or  more  «)f  the  beams  have  a  reliable- 
operation  signal*  present  and  burnout  has  ck'- 
curred,  a  zero  doppler  signal  is  switched  in  place 
of  the  normal  output  of  the  beam  ( or  b<-ams )  that 
d(ws  not  have  a  reliable-operation  signal.  The  V, 
and  V,  outputs  are  then  computed  on  this  basis 
and  used  to  control  the  vehicle  attitude.  Study  has 
shown  that  even  though  thes«’  measured  velwity 


’This  is  a  signal  that  currently  exi.sts  in  each  radar  iN-ani  circuitry 
and  indicates  that  there  is  a  signal  in  that  veliK-ily  tracker  hand- 
width. 


terms  will  be  in  error,  the  amount  of  the  error  is 
not  so  large  as  to  prohibit  proper  alignment  of  the 
spacecraft  attitude  if  the  width  of  the  blind  zone 
is  approximately  -t  10  degrees  or  less. 

(3)  Raise  the  minimum  main  retro  burnout  velocity 
high  enough  so  that  operation  in  the  blind  zone 
is  never  required.  This  can,  conceptually  at  least, 
be  done  in  several  ways: 

(a)  Eliminate  from  the  permissible  launch  win¬ 
dow  those  days  in  which  the  lowest  lunar  approach 
velocities  are  required. 

(b)  Permit  landings  at  times  when  visibility  from 
Coldstone  is  not  available. 

(c)  Increase  maximum  allowed  burnout  velocity 
(and  thus  the  minimum,  as  well,  for  a  constant 
approach  velocity  increment )  by  increasing  either 
the  amount  of  vernier  fuel  or  the  maximum  thrust 
level  of  the  vernier  engines.  Both  of  these  ap¬ 
proaches  are  very  costly  and  time-consuming  at 
this  stage  in  the  development.  Also  the  maximum 
operating  altitude  for  the  radars  would  have  to  be 
increased. 

(d)  Decrease  the  total  velocity  increment  added 
during  the  main  retro  burning  phase  for  those 
cases  in  which  the  lunar  approach  velocity  is  low. 
This  could  be  done  by  off-loading  main  retro 
propellant,  by  reducing  the  vernier  thrust  level 
during  the  main  retro  burning,  or  by  adding  bal¬ 
last  to  the  spacecraft. 

(e)  Some  combination  of  the  above. 


Of  these  solutions  ( 1 )  is  most  desirable  but  cannot 
be  counted  on  at  the  present  time;  (2)  appears  to  be 
feasible  and  is  described  further  in  the  following  section; 
(3a)  and  (3b)  are  most  undesirable  from  an  operations 
point  of  view;  (3c)  requires  an  increase  in  weight  and 
an  appreciable  schedule  delay;  and  (3d)  also  appears 
feasible  especially  in  conjunction  with  (2). 


e.  Study  of  attitude  control  in  the  preaence  of  large 
velocity  erron.  To  investigate  the  effect  on  spacecraft 
attitude  correction  of  selecting  zero  for  the  component  of 
velocity  along  any  radar  Iwam.  consider  the  following 
expressions  for  the  velocity  components  in  spacecraft 
coordinates  (V„  V,,  V.)  in  terms  of  the  components  of 
velocity  along  each  radar  beam  (V,,  V,,  V,) 


V,-V, 

2Br 


y, 

V, 


y.  -  Vi 

2By 

y,  +  y, 

2B, 
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where  B„  By,  and  fi,  are  the  direction  cosines  of  the 
beams.  Setting  one  or  more  of  the  components  V,, 
and  Vj  equal  to  zero  for  those  velocity  directions  (refer 
to  Figure  2),  where  the  velocity  would  be  in  the  blind 
zone  of  the  corresponding  radar  beam,  and  solving  the 
above  expressions  for  V,,  Vy,  and  V,  gives  the  compo¬ 
nents  of  velocity  in  spacecraft  coordinates  measured  by 
the  radar  when  the  velocity  is  in  the  blind  zone  of  the 
corresponding  radar  beam  or  beams.  The  and  Vy 
signals  go  to  the  flight  control  system  causing  the  space¬ 
craft  to  pitch  and  yaw  in  such  a  direction  as  to  bring 
them  to  zero,  thus  aligning  the  Z  axis  of  the  spacecraft 
parallel  to  the  velocity  vector.  Because  V  and/or  Vy  are 
not  correct  under  these  conditions,  the  flight  control  sys¬ 
tem  will  initially  change  the  attitude  of  the  spacecraft  in 
the  wrong  direction.  This  angular  error  a  in  the  direction 
of  the  attitude  correction  is 


where  v  is  the  true  maneuver  direction. 

The  angular  error  a  has  been  plotted  as  a  function  of  c. 
the  angle  from  the  spacecraft  roll  axis  to  the  velocity 
vector  as  shown  in  Figure  2  with  i;  as  a  parameter  in  Fig¬ 
ures  6,  7,  and  8.  The  curves  in  Figure  were  compuU*d 


ANGLE  BETWEEN  ROLL  AXIS  AND  VELOCITY  VECTOR  •  . 

Figure  6,  Angular  error  (a)  vs  < 
Velocity  along  Beam  3  s  0 


assuming  that  Vj  =  0  for  all  «.  Similarly,  the  curves  in 
Figures  7  and  8  were  computed  assuming  V/  and  V,, 
respectively,  equal  to  zero.  Since  the  radar  blind  zone 
is  not  as  large  as  the  range  of  c  on  the  abscissa  of  the 
graphs,  the  angular  error  a  will  not  actually  reach  the 
maximum  values  represented  here.  To  find  the  actual 
angular  error,  consider  only  that  portion  of  the  curve, 
centered  about  the  point  where  a  equals  zero,  where 
values  of  i  on  either  side  of  that  point  are  equal  to  the 
width  of  the  radar  blind  zone.  For  values  of  <  outside 
these  bounds,  the  angular  error  is  actually  zero  unless 
the  velocity  is  in  the  blind  zone  of  another  beam.  The 
curves  in  Figure  4  indicate  most  conveniently  which 
bi'ams  are  in  a  near  zero  velocity  condition  for  all  i;  and 
for  c  from  0  to  90  degrees.  For  some  values  of  y  and  c,  it  is 
possible  for  the  velocity  to  be  in  a  blind  zone  of  two 
beams  simultaneously  as  indicated  in  Figure  4.  For  these 
cases,  the  angular  error  a  is  computed  in  the  same  man¬ 
ner  as  before,  and  these  results  are  included  in  the 
boundary  curves  shown  in  Figure  9.  It  can  also  be  seen 
from  Figure  4  that,  for  a  ±15  degree  blind  zone,  the 
velocity  is  in  the  blind  zone  of  all  three  beams  at  v  =  315 
degret's  and  t  =  78  degrees.  Thus  V^,  Vy,  and  V,  would 
all  be  equal  to  zero  and  the  flight  control  system  would 
receive  zero  signal  resulting  in  no  change  in  the  space¬ 
craft  attitude.  Therefore,  a  blind  zone  of  ±  15  degrees 


Figure  7.  Angular  error  (»)  vs  < 
Vaiocity  along  loam  1  s  0 
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width  is  not  tolerable  and,  in  fact,  ±  12.5  degrees  is 
the  widest  blind  zone  possible  if  the  condition  described 
above  is  to  be  avoided. 

The  results  of  these  calculations  are  summarized  in 
Figure  9,  which  shows  the  bounds  (within  the  shaded 
area )  of  the  angular  error  ( a )  as  a  function  of  >/  subject 
to  the  following  conditions: 

( 1 )  »  between  0  and  90  degrees. 

(2)  Width  of  blind  zone  is  10  degrees. 

From  this  curve,  it  may  be  seen  that  the  maximum  an¬ 
gular  error  is  35  degrees.  It  should  hi!  noted  here  that 
this  angle  a  is  the  error  in  the  direction  in  which  the 
spacecraft  begins  to  maneuver  immediately  upon  radar 
acquisition.  Since  this  error  is  small,  the  maneuver  will 
always  be  in  the  proper  direction  to  reduce  c,  thus  bring¬ 
ing  the  spacecraft  out  of  the  blind  zone. 

f.  Conekuioni.  From  this  study  to  date,  the  following 
conclusions  may  be  drawn: 

( 1 )  A  change  is  required  to  the  present  spaccH-Taft 
design  in  order  to  provide  landing  visibility  at 
Coldstone  over  all  the  desired  launch  windows. 


Figure  8.  Angular  error  (<t)  vt  i 
Velocity  along  Beam  2^0 


(2)  To  accomplish  this  change,  there  is  a  region  of 
required  operation  ( where  the  angle  between  the 
spacecraft  roll  axis  and  the  velocity  vector  are 
greater  than  65  degrees)  in  which  the  doppler 
velocity  sensor  do»*s  not  perform  properly. 

( 3 )  The  spacecraft  attitude  control  can  work  through 
this  region  if  certain  logic  changes  are  made  in  the 
radar  and  if  this  blind  zone  is  constrained  to 
-h  10  degrees  in  width. 

(4)  With  this  change  to  the  radar  (and  possibly  the 
reduction  of  the  vernier  thrust  level  during  main 
retro  burning,  and  fur  the  addition  of  ballast 
where  necessary),  the  total  launch  window  re¬ 
quirements  can  be  met. 

3.  Dmslgn  Mission  Soquoneo  for  List  II  Payload 

The  following  design  mission  sequence  (Figs  10 
through  17)  illustrates  an  order  of  experiments  which 
may  be  performed  within  the  currently  known  system, 
operational,  and  DSIF  constraints  for  an  August  6,  1963, 
launch  (last  day  of  the  August  launch  window),  with 
touchdown  at  5  hours  before  the  end  of  Coldstone  vis¬ 
ibility  and  163  hours  before  the  lunar  day/night  ter¬ 
minator. 

An  increase  in  the  total  energy  available  to  the  scien¬ 
tific  payload,  a  decrease  in  the  expected  power  c'onsump- 
tion  of  some  instruments,  and  the  ability  to  transmit  the 
X  ray  diffractometer  data  in  the  low-power  transmitter 
mode  will  now  essentially  enable  all  soil  analysis  and 
noncontiniious  geophysical  experiments  to  be  complettKl 
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ANGLE  BETWEEN  X  AXIS  AND  X.Y  PROJECTION  OF  VELOCITY  VECTOR  r/.dtg 

Figure  9.  Angular  error  boundaries  vt  y 
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on  the  first  lunar  day.  However,  since  the  energy  avail¬ 
able  to  the  scientific  payload  (5470  watt-hr  for  a  163- 
hour  day)  and  the  energy  required  to  perform  the 
experiments  (5500  watt-hr)  are  presently  approximately 
equal,  further  variation  in  either  could  necessitate  a  later 
rescheduling  of  some  experiments  to  the  second  lunar 
day. 

a.  MittUm  conHrainU.  This  design  mission  sequence 
is  based  upon  the  following  principal  constraints: 

(1)  The  scientific  payload  will  be  the  List  II  com¬ 
plement  of  instruments  and  auxiliaries,  which  con¬ 
sists  of  the  following: 

( a )  Surface  geophysical  experiments. 

( b )  Subsurface  geophysical  probe. 

( c )  Subsurface  sampler. 

(d)  Surface  sampler. 

(e)  Gas  chromatograph. 

( f )  X-ray  spectrometer. 

( g )  X-ray  diffractometer. 

( h )  Radiation  detector. 

(i)  Television. 

( j )  Tape  recorder. 

(k)  Auxiliaries  (mechanism,  thermal,  battery, 
wiring). 

( 2 )  The  total  energy  available  to  the  scientific  payload 
during  the  first  lunar  day  will  Ih*  .5470  watt-hr. 
based  on  a  103-hour  period  of  daylight.  The 
energy  consumed  by  the  scientific  payload  during 
the  lunar  night  will  he  4128  watt-hr. 

( 3 )  A  standard  trajectory  is  selected  which  represents 
the  worst  case  in  terms  of  time  from  touchdow'n 
to  the  first  day/night  terminator: 

(a)  Launch  date:  August  6,  1963. 

(b)  Launch  a/imuth:  114  degrees. 

(c)  Touchdown  at  .35.5  degrees  west  longitude. 

( d )  Time  from  touchdown  to  dusk:  6.8  days  ( based 
on  zero  degree  horizon ). 

(4)  Utilization  of  the  DSIF  will  conform  to  the  fol¬ 
lowing  guidelines: 

( a )  Injection  to  48  hours  following  lunar  night¬ 
fall;  24  hr/day  DSIF  coverage. 

(b)  Remainder  of  first  lunar  night:  daily  tracking 
missions  alternating  between  Woomera  and 
Johannesburg  stations. 

(c)  just  before  lunar  dawn  to  24  hours  after  sun¬ 
rise:  24  hr/day  coverage. 

(d)  Remainder  of  second  day;  Goldstone  trucking 
missions  on  .second,  fourth,  sixth,  and  eightli 


days,  Woomera  and  Johannesburg  each  hav¬ 
ing  two  tracking  missions. 

(e)  Second  lunar  night;  Woomera  and  Johannes¬ 
burg,  each  three  tracking  missions. 

(f )  Third  lunar  day:  Goldstone  two  tracking  mis¬ 
sions. 

(g)  Repeat  (e)  and  (f)  for  remainder  of  mission. 

b.  Sequence.  The  experiments  of  the  first  lunar  day 
are  summarized  in  Figure  10,  and  experiments  for  each 
of  the  seven  periods  of  Goldstone  visibility  after  touch¬ 
down  are  detailed  in  Figures  11  through  17.  With  the 
exception  of  the  continuous  experiments  ( scientific  tem¬ 
perature  and  the  radiation  detector)  and  thermal  dif- 
fusivity,  all  experiments  in  this  sequence  are  shown  con¬ 
ducted  under  Goldstone  control,  since  ample  Goldstone 
visibility  time  is  available.  In  addition  to  the  experiments 
shown,  engineering  data  will  normally  be  sampl^  hourly, 
and  more  often  during  many  operations.  Experiments 
to  bt‘  conducted  during  the  first  lunar  night  will  be  the 
scientific  temperature  and  radiation  detector,  plus  the 
nighttime  portion  of  the  surface  thermal  diffusivity.  Dur¬ 
ing  periods  where  the  DSIF  is  not  scheduled  for  Surveyor 
tracking,  data  from  the  continuous  experiments  will  be 
recorded  (to  a  maximum  of  18  hours  per  recording 
period,  as  limited  by  the  recorder  capacity). 


D.  Flight  Control 

1.  Introduction 

The  flight  control  subsystem  consists  of  those  elements 
of  the  spacecraft  which  provide  velocity  control  and 
attitude  control  during  the  transit  phase  of  the  Surveyor 
mission.  Functionally,  the  lunar  radar  and  propulsion 
elements  are  part  of  this  subsystem  although  they  are 
covered  in  other  sections  of  this  report.  Elements  of  the 
flight  control  subsystem  that  are  treated  in  this  section 
include  optical  sensors,  inertial  instruments,  attitude  con¬ 
trols,  and  flight  control  electronics. 

2.  Sy$tom  Doilgn 

a.  Sumnuiry.  Two  important  design  changes  have  been 
made  in  the  flight  control  system  during  the  reporting 
period.  First,  the  thrust  control  system  has  been  con¬ 
verted  from  an  open-loop  thrust  command  channel  to 
a  closed-loop  acceleration  command  servo.  This  has  been 
accomplished  by  extending  the  use  of  the  accelerometer 
in  the  mid-course  velocity  control  system  to  the  terminal 
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Hgur*  14.  Fourth  poried  of  Goldtiono  visibility 
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phase.  Since  the  maximum  acceleration  encountered  in 
the  terminal  phase  is  about  0.41  g,  it  has  been  necessary 
to  increase  the  accelerometer  range  from  0.25  to  0.5  g. 
The  principal  reason  for  the  design  change  is  to  achieve 
a  more  efficient  use  of  vernier  engine  fuel  by  operating 
the  engines  nearer  their  maximum  thrust  levels  during 
the  vernier  descent  phase.  The  large  dispersion  in  thrust 
versus  command  in  the  open  loop  configuration,  due 
mainly  to  the  engines  themselves,  prevented  operation 
on  an  efficient  altitude-velocity  control  law,  i.e.,  near 
maximum  thrust.  The  precision  accelerometer  provides 
the  means  of  accurately  controlling  thrust,  independent 
of  engine  dispersions. 

The  second  important  modification  involves  a  change 
in  the  thrust  phase  roll  control  system.  The  bang-bang 
solenoid  actuator  originally  planned  for  use  in  a  limit 
cycle  control  system  has  been  replaced  by  a  proportional 
positioning  servo  employing  a  conventional  400-cps 
servo  motor.  Two  factors  are  involved  in  this  decision. 
The  inertia  and  center  of  gravity  offset  of  the  vernier 


engine  have  increased  appreciably  since  the  original 
design  concept  was  established.  Due  to  the  resulting 
increase  in  force  level  and  weight  required,  the  sole¬ 
noid  is  no  longer  considered  competitive  with  a  more 
complex  but  lighter  weight  servo.  In  addition,  RMD 
(Thiokol)  has  expressed  serious  concern  over  the  shock 
level  experienced  by  the  engine  nozzle  when  the  solenoid 
actuator  hits  the  stops.  The  proportional  servo,  besides 
providing  a  net  saving  in  spacecraft  weight,  will  not 
constitute  a  degrading  factor  in  television  coverage,  as 
was  true  of  the  bang-bang  solenoid  system. 

The  functional  design  of  the  coast  and  thrust  phase 
control  system  has  been  refined  through  the  use  of  both 
analog  and  digital  computer  studies.  The  coast  phase 
gas  jet  attitude  control  system  design  has  undergone 
changes  principally  with  regard  to  loop  gains  in  order 
to  obtain  optimum  vehicle  response  and  also  has  been 
modified  to  include  changes  in  optical  sensor  signal  char¬ 
acteristics. 


Figure  18.  Roll  attitude  control  system 
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The  thrust  phase  vernier  engine  control  system  design 
has  been  affected  by  the  aforementioned  inclusion  of  the 
mid-course  accelerometer  during  terminal  descent.  Digi¬ 
tal  computer  studies  have  indicated  the  desirability  of 
going  to  a  four-segment  control  law  trajectory  which 
results  in  a  fuel  saving  of  approximately  6  pounds. 

b.  Coast  phase  attitude  control.  The  coast  phase  atti¬ 
tude  control  system  remains  basically  unchanged  from 
that  described  in  previous  reports.  Several  parameter 
values  have  been  altered  as  a  result  of  updated  informa¬ 
tion  on  the  optical  sensors,  the  physical  characteristics  of 
the  vehicle,  and  revised  criteria  for  determining  optimum 
vehicle-control  system  performance.  A  block  diagram  of 
the  roll-axis  attitude  control  system  is  shown  in  Fig¬ 
ure  18. 

The  primary  objective  of  the  three-degree-of-freedom 
analog  computer  simulation  during  this  period  was  to 
determine  an  optimum  set  of  loop  gain  and  shaping  net¬ 
work  characteristics  for  both  the  inertial  and  optical 
modes  of  operation.  The  three  criteria  used  in  evaluating 
system  performance  were  (1)  system  settling  time,  (2) 
impulse  rc(]uired,  and  (3)  the  integral  squared  error. 

These  measures  of  system  performance  in  the  inertial 
mode  are  shown  in  Figures  19,  20,  and  21  for  all  three 
axes.  The  optimum  values  of  K,  =  6  an  r,  =  3.2  seconds 


were  arrived  at  by  a  comparison  of  system  responses 
using  the  foregoing  three  criteria.  The  gain  K,Kt  was 
adjusted  to  prevent  the  angular  error  from  exceeding  its 
maximum  allowable  value  of  0.2  degree  for  the  yaw 
channel,  0.136  degree  fur  the  pitch  channel,  and  0.121 
degree  for  the  roll  channel. 

Tlie  settling  time  and  impulse  required  for  the  pitch 
and  yaw  optical  channels  are  shown  in  Figures  22  and 
23.  The  optimum  rate  loop  gain  (Ki/Ki)  was  determined 
based  on  initial  conditions  of  a  yaw  angle  of  9  degrees 
and  a  yaw  rate  of  0.5  deg/sec  with  a  pitch  axis  rate  of 
zero.  The  mechanics  of  Sun  acquisition  make  such  initial 
conditions  highly  probable,  since  the  approach  of  the 


Figure  21.  Optimum  yaw  central  in  inertial  mede 
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Figure  19.  OiMimum  roll  control  in  inortiol  mock 
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Figure  20.  Optimum  pitch  control  in  inertial  mode 


Figure  22.  Optimum  performance  of  pitch  optical  control 
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MTC  LOOP  GAIN, 


Figur*  23.  Optimum  purfermonc*  of  yaw  optical  control 

Sun  line  to  tlie  primary  Sun  sensor  field  of  view  will 
generally  be  in  the  pitch-roll  plane,  requiring  a  yaw 
maneuver.  Constraints  which  operate  in  the  attitude  c'on- 
trol  system  at  this  time  include  (1)  the  signal  charac¬ 
teristics  of  the  primary  Sun  sensor  as  shown  in  Figure 
24  where  the  gain  K«  was  chosen  so  that  the  maximum 
allowable  error  would  cause  the  gas  jets  to  fire,  and  (2) 
the  gyro  gain  K,K,  which  was  chosen  so  that  separation- 
induced  rates  will  not  cause  gyro  saturation. 

The  settling  time  and  impulse  retpiired  for  the  roll 
optical  channel  are  shown  in  Figure  25.  The  optimum 
roll  rate  loop  gain  (K^/K..)  was  determined  using  an 
initial  roll  angle  of  4  degrees  and  a  roll  axis  rate  of  0.5 
deg/sec.  The  signal  characteristics  of  the  Canopus  sensor 
are  shown  in  Figure  26. 

The  rate  loop  gain  (K^/Ki)  for  optimum  optical  mode 
performance,  the  rate  loop  gain  (K,K^)  for  minimum 
error  angles  about  each  axis  during  inertial  mode  of 
operation,  and  the  closed-loop  gyro  gain  (K,Ki)  cannot 
be  realized  simultaneously  with  the  control  system  con¬ 
figuration  represented  in  Figure  18.  Various  means  of 
achieving  all  of  these  optimum  parameters  are  under 
study.  Two  approaches  appear  promising.  The  first  con¬ 
sists  in  adding  a  switch  to  change  gains  when  going  from 
the  inertial  to  the  optical  mode  of  operation.  The  second 
approach  is  one  of  compromise  in  that  optinu'  ..dues 


Figur*  24.  Frimary  Sun  sansor  signal  characturislics 


Figuru  25.  Optimum  parformanc*  of  roll  optical  control 


Figuro  26.  Canopus  sonsor  signal  charactoristic 

of  K^/K,  and  K,Ki  can  be  realized  at  the  expense  of  a 
larger  value  of  K,K^.  In  effect  this  would  decrease  the 
limit  cycle  deadband  in  the  inertial  mode  by  a  factor  of 
three,  but  would  result  in  increased  fuel  consumption. 

c.  Vernier  retro  descent  phase.  The  efficiency  of  the 
vi'rnier  retro  maneuver  is  strongly  dependent  on  the 
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average  thrust  level  of  the  vernier  engines  during  the 
maximum  thrust  phase.  For  each  pound  of  thrust  below 
the  maximum  available  312  pounds,  a  penalty  of  about 
0.3  pound  of  vernier  fuel  is  incurred.  The  open-loop 
thrust  command  system  originally  planned  suffers  in 
efficiency  because  of  the  large  uncertainty  in  thrust  versus 
command.  This  is  due  primarily  to  the  dispersion  of  the 
vernier  engines  (approximately  10%).  To  avoid  a  pitch- 
yaw  limit  cycle  oscillation  and  to  ensure  a  safe  margin 
for  soft  landing,  the  range-velocity  profile  would  have  to 
be  set  for  a  thrust  level  almut  60  pounds  below  tbe 
maximum  of  312  pounds. 

In  order  to  obtain  greater  fuel  efficiency,  the  thrust 
channel  has  been  modified  to  an  acceleration  command 
servo.  This  can  readily  be  accomplished  by  using  the 
precision  accelerometer  in  the  inertial  reference  unit 
(IRU)  as  the  feedback  sensor.  The  range  of  the  instru¬ 
ment  must  be  increased  to  0.5  g,  because  of  the  higher 
acceleration  involved  in  the  vernier  phase.  The  new 
design  provides  the  means  of  accurately  controlling  the 
thnist-to-mass  ratio.  Since  the  spacecraft  mass  will  be 
known  to  within  a  few  percent,  at  the  start  of  the  maxi¬ 
mum  thrust  phase,  a  considerable  improvement  in  thrust 
control  can  be  realized.  The  new  configuration  is  shown 
in  Figure  27. 

The  variation  in  spacecraft  mass  during  the  maximum 
thrust  phase  is  accurately  known.  It  is  possible  thert'fore 
to  vary  the  acceleration  command  limiter  in  a  way  to 
compensate  for  the  mass  variation  and  thus  maintain  a 
constant  maximum  thrust  level.  Because  of  the  simplicity 


of  mechanization,  however,  it  is  planned  to  use  a  two- 
level  limiter.  By  resetting  the  limiter  when  half  the  mass 
variation  has  occurred,  only  a  small  fuel  penalty  is  in¬ 
volved.  The  total  variation  in  mass  during  the  maximum 
thrust  phase  will  be  about  10%.  The  two-Ievel  limiter 
will  provide  an  average  thrust  2.5%  less  than  the  peak. 
The  improvement  in  a  three-level  limiter  is  not  considered 
to  justify  the  additional  complexity.  Even  if  a  continu¬ 
ously  variable  limiter  were  used,  the  range-velocity  pro¬ 
file  could  not  be  set  to  correspond  to  312  pounds  thrust 
level.  Allowance  must  be  made  for  several  factors,  the 
more  important  being 

( 1 )  Altimeter  and  doppler  radar  errors. 

(2)  Uncertainty  in  mass  at  the  start  of  the  maximum 
thrust  phase. 

( 3 )  Residual  for  linear  moment  control  range. 

Tliese  factors  total  about  7.5%  (3,).  The  average  thrust 
level  will  therefore  be  about  10%  below  the  maximum 
engine  capability  of  312  pounds.  In  comparison  to  the 
original  open-loop  design,  an  improvement  of  about  29 
pounds  in  average  thrust  level  can  be  realized.  This  is 
etpiivalent  to  a  saving  of  about  8.7  pounds  of  vernier  fuel. 

A  digital  computer  study  recently  completed  indicates 
that  a  saving  of  about  6  pounds  of  vernier  fuel  can  be 
realized  by  using  a  four-segment  approximation  to  die 
reference  parabola  rather  than  the  three-segment  ap¬ 
proximation  originally  planned.  Provisions  have  there¬ 
fore  been  made  in  the  electronic  circuits  to  add  the 
fourth  segment. 
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Figure  27.  Velocity  control  system  with  acceleration  servo 
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The  gain  in  the  pitch  and  yaw  attitude  control  loop 
has  been  increased  by  a  factor  of  two  in  order  to  limit 
the  steady-state  attitude  error  to  0.1  degree  in  the 
presence  of  the  expected  3«  main  engine  misalignment 
moment  of  1100  inch-pounds. 

3.  Sub$ytt»m  Tctfs 

a.  Single-axis  air  bearing  table.  Single-axis  table  tests 
are  currently  scheduled  to  start  about  February  15,  1962. 
Completion  of  the  test  facility  is  awaiting  the  receipt  and 
installation  of  various  pieces  of  associated  hardware, 
including  telemetering  e(]uipment,  recorders,  test  con¬ 
soles,  and  portions  of  the  flight  control  subsystem.  When 
completely  assembled,  the  table  inertia  will  be  mcasurt'd 
with  the  table  forming  a  part  of  a  torsional  pendulum. 
The  single-axis  table  will  be  required  to  provide  the 
major  portion  of  the  design  verification  of  the  gas  jet 
coast-phase  attitude  control  system,  because  plans  to  run 
tests  on  the  three-axis  air  bearing  table  at  the  JPL  facility 
have  been  cancelled. 

b.  Flight  acceptance  test  program.  A  preliminary  sub¬ 
system  flight  acceptance  test  specification  has  been  writ¬ 
ten  for  the  flight  control  subsystem.  The  complete  sub¬ 
system  flight  acceptance  test  will  consist  of  a  pre-environ- 
mental  functional  check,  the  environmental  test,  and  a 
post-environmental  functional  check,  which  will  be  a 
duplication  of  the  pre-environmental  functional  check  for 
the  most  part.  The  single-axis  air  bearing  table  will  be 


0  20  40  6U 

VELOCITY,  (l/MC 


Figure  2S.  T-2  reference  trajectory 


used  to  make  the  closed-loop  functional  check  of  the  gas 
jet  attitude  control  system  with  simulated  Sun  and  star 
sources.  A  test  facility  with  a  single-axis  dividing  head 
and  simulated  Sun  and  star  sources  will  be  used  to 
measure  the  alignment  of  the  flight  control  sensors  rela¬ 
tive  to  the  flight  control  sensor  group  mounting  surface. 
The  same  facility  will  be  used  to  determine  the  scale 
factor  and  null  fixed  drift  of  each  integrating  gyro  as 
part  of  the  entire  sensor  group.  A  rate  table  will  be  used 
to  measure  the  alignment  error  of  each  gyro  in  the  inertial 
reference  unit  relative  to  the  flight  control  sensor  group 
mounting  surface. 

c.  T-2  test  program.  Additional  T-2  trajectory  analysis 
has  been  completed  using  a  one-degree-of-freedom  digi¬ 
tal  computer  simulation.  The  program  considered  only 
the  vertical  force  relationships  and  included  variable 
mass  due  to  fuel  consumption.  The  thrust  control  loops 


Figure  29.  T-2  trajacterias  from  various  initial  allitudas 
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were  simulated  except  for  the  vernier  engine  and  valve 
lag  times.  The  purpose  of  the  analysis  was  to  determine 
(1)  the  initial  drop  altitude  which  provides  adequate 
capture  of  the  commanded  trajectory,  (2)  the  efiFect  of 
thrust  control  system  gain  on  system  performance,  and 
(3)  a  suitable  reference  parabola  and  associated  straight- 
line  segments. 

In  order  to  facilitate  comparison  of  trajectory  perform¬ 
ance,  the  reference  trajectory  shown  in  Figure  28  was 
chosen,  based  on  an  arbitrary  set  of  reference  param¬ 
eters.  Trajectories  were  obtained  for  initial  altitudes  of 
1000,  500,  400,  300,  200,  and  150  feet  as  shown  in  Figure 
29.  Only  the  first  portion  of  these  trajectories  is  shown, 
since  the  remaining  portion  is  similar  to  the  reference 
trajectory.  For  all  cases,  it  is  apparent  that  initial  altitude 
has  little  effect  on  vehicle  performance.  If  the  present 
20  pounds  of  fuel  carried  by  the  T-2  vehicle  is  completely 
used,  the  maximum  drop  altitude  is  limited  to  about  460 
feet.  However,  this  does  not  take  into  consideration  the 
fuel  required  for  moment  control. 

The  thrust  system  gain  was  varied  from  16.2  to  81.0 
Ib/ft/sec  with  consequent  vehicle  trajectory  perform¬ 
ance  as  shown  in  Figure  30.  These  values  of  thrust  system 
gain  correspond  to  spacecraft  values  of  50  and  250 
Ib/ft/sec.  As  expected,  the  higher  gain  produc(*d  a 
tighter  control  response.  The  higher  gain  descent  re¬ 
quired  approximately  3  pounds  more  fuel  than  the  low 
gain  descent. 


Figure  30.  Effect  of  thrust  system  gain  (K,.) 
on  T-2  trajectory 


All  of  the  preceding  trajectories  were  based  on  line 
segments  fitted  to  a  1.79  ft/sec’  acceleration  parabola. 
Vehicle  trajectory  responses  were  determined  for  both 
a  0.870  ft/sec^  acceleration  parabola  (Fig  31)  and  a 
3.785  ft/sec*  parabola  (Fig  32)  for  various  values 
of  weight-to-thrust  ratio.  The  results  are  based  on  the 
parameters  listed  on  the  next  page. 


Figure  31.  T-2  trojoctory  rosaonso  for 
0.670  ft/soc'  fMiobolo 


Figure  32.  T-2  trajectory  rosponse  for 
3.7tS  ft/soc*  parabola 
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Minimum  programmed  thrust,  r„,,,  60  Ib 

Thrust  system  gain,  K,.  81  Ib/ft/sec 

Vernier  propellant  specific  impulse,  I.p  198  Ib-sec/lb 
Drag  coefficient  —  area  product,  CdS  14  ft’ 

Air  density  .  0.002S  slug/ft* 

The  vehicle  performance  on  the  low  acceleration  parab¬ 
ola  compares  favorably  with  the  reference  trajectory, 
while  the  vehicle  performance  relative  to  the  high  accel¬ 
eration  trajectory  varied  depending  on  the  weight-to- 
thrust  ratio.  Satisfactory  performance  is  obtained  when 
the  weight-to-thrust  ratio  corresponds  to  the  constant 
acceleration  from  which  the  line  segments  are  derived; 
that  is,  170/190  and  180/200  for  a  =  3.785  ft/sec’.  The 
intermediate  weights  (180/190  and  190/200)  produced 
marginal  performance  in  that  these  trajectories  had  more 
error  along  the  last  line  segment  and  harely  stabilized  at 
the  commanded  5  ft/sec.  The  highest  weights  ( 185/190 
and  195/200 )  trajectories  are  unsatisfactory  because  they 
appear  to  be  diverging  from  the  last  line  segment  and 
are  unable  to  stabilize  at  the  constant  vel(x;ity  since  they 
reached  the  13-foot  engine  cut-off  altitude  before  they 
attained  a  velocity  of  10  ft/sec. 

Final  .selection  of  the  initial  drop  altitude,  thrust  sys¬ 
tem  gain,  and  control  law  trajectory  for  T-2  tests  is  await¬ 
ing  more  extensive  analysis,  which  will  include  moment 
control  and  better  defined  spacecraft  trajectory  perform¬ 
ance  and  parameters. 

4.  Switpr  Group  Assomb/y 

The  flight  control  sensor  group  has  undergone  re¬ 
arrangement  as  illustrated  in  Figure  33.  The  support, 
previously  a  space  tniss,  is  now  conceptually  a  platform 
with  three  mounting  lugs  so  spaced  around  its  perimeter 
as  to  intersect  the  center  of  gravity  of  the  sensor  group. 
The  support  is  made  from  aluminum  and  will  be  a  brazed 
assembly  consisting  of  an  outer  frame  with  stiffening 
elements  and  unit  mounting  bosses  placed  as  required. 

A  substantial  weight  saving  in  the  support  is  realized 
with  this  simplified  design.  Increase  in  volumetric  pack¬ 
aging  efficiency  allows  the  sensor  group  to  lie  located 
closer  to  the  roll  axis  of  the  spacecraft.  Use  of  shorter 
mounting  brackets  on  the  vehicle  will  represent  some 
weight  saving,  as  well  as  providing  a  more  rigid  coupling 
to  the  sensor  group. 

In  the  new  design,  the  inertial  reference  unit  (IRU) 
has  been  moved  from  a  position  beside  the  electronics 
package  to  a  position  above  it,  causing  a  rehKation  of 
the  IRU  radiating  surface.  The  flight  control  electronics 
unit  is  more  rigidly  attached  to  the  sensor  group  sup|)ort 
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in  the  new  design  and  allows  some  simplification  in  the 
internal  arrangement.  The  problem  of  stray  light  reflect¬ 
ing  into  the  Canopus  sensor  has  not  changed  appreci¬ 
ably  with  the  new  sensor  group  configuration.  It  is  at 
present  geometrically  possible  to  pick  up  a  multiple 
bounce  light  reflection  from  the  extended  vehicle  land¬ 
ing  legs.  The  light  shield  on  the  Canopus  sensor  may 
have  to  be  altered  to  eliminate  this  possibility.  The  Moon 
detector  has  been  eliminated  from  the  assembly.  Verifi¬ 
cation  of  the  position  of  the  star  Canopus  will  be 
achieved  by  means  of  a  star  map  constructed  from  telem¬ 
etered  star  intensity  signals. 

Engineering  effort  has  stopped  on  the  original  truss- 
type  support,  and  will  now  be  directed  toward  prepara¬ 
tion  of  a  test  model  of  the  new  configuration. 

5.  Optkal  Smsort 

a.  Canoptu  teruor.  Figure  34  shows  a  mechanical 
breadboard  of  the  sensor  which  is  similar  in  appearance 
to  the  first  engineering  model.  During  this  report  period, 
a  working  breadboard  model  of  the  Canopus  sensor  was 
completed  and  satisfactorily  demonstrated.  Temperature 
compensation  has  been  added  to  the  developmental  cir¬ 
cuits  and  a  preamplifier  included  to  provide  additional 
gain  for  the  photomultiplier  tube. 

As  a  result  of  initial  lateral  vibration  tests  on  the 
mechanical  breadboard  model,  the  base  of  the  sensor  has 
hi'cn  alterwl  to  attach  more  rigidly  to  the  sensor  group 
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asst'inlily.  Tlic  more  rinid  iiltacliniciil  allins  a  pn-vioiis 
I'Oiu'cpt  of  tlionnal  isolation  and  a  tlicrinal  analysis  of 
tlu'  c'omhincd  sensor  sjronp  and  (.'anopns  sensor  is  now 
bein;'  performed. 

.Mtlionj'li  tile  first  .Snn-star  siinnlator  lias  been  coin 
pleted,  additional  eirenitry  is  beinj;  added  for  calibration 
purposes  to  loinpensate  for  tbe  liiHli  amplitude  of  star 
scintillation  eneonntered  during  tbe  breadboard  model 
field  tests. 

(fnalifieation  test  proeednres  have  been  written  lor 
tbe  component  parts  of  tbe  sensor  and  (|nalifii'atio'i  test 
inir  of  critical  items  ( iibototnbe,  motor  and  near  train, 
maniU'tic'  ])ieknp.  eti-.)  is  lontimiinn. 

.\  dei'ision  was  made  to  tielete  tbe  Moon  detector  .is  an 
auxiliary  indicator  of  Canopus  position.  N’erifie.ition  of 
Canopus  position  w  ill  be  obtained  by  eonstnietion  of  a 


Figure  34.  Mechanical  breadboard  of  Canopus  sensor 


strip  star  ma|)  b\  means  of  telemetered  data  from  a  sepa- 
I  !e  star  intensity  ebannel  in  tbe  Canopus  sensor. 

I>.  .Snn  sfusors.  'I'lie  de\ ('lopmeiital  model  ol  tiie  giri- 
m.ir\  Son  si'iism  (I'in  d.")!  has  been  eompleleil  and 
preliminary  tests  base  been  nm  at  tbe  Son  sensor  test 


Figure  36.  Sun  sensor  test  facility 
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facility  (Fig  36)  at  Hughes  Aircraft  Company  in 
Culver  City.  The  facility  consists  of  an  equatorial  mount 
to  track  the  Sun  and  a  precision  Kern,  1-second,  theodo¬ 
lite  attached  to  the  mount  to  accurately  position  the 
sensor  with  respect  to  the  Sun.  The  sensors  are  mounted 
on  a  special  adapter  plate  attached  to  the  theodolite.  A 
4-foot  long  fiberglass  tube  and  light-tight  enclosure  are 
used  to  keep  stray  skylight  from  affecting  measurements. 

The  intensity  level  on  days  when  tests  have  been  per¬ 
formed  (in  November)  has  ranged  from  73  mw/cm’  to 
96  mw/cm*  as  measured  with  a  silicon  solar  cell  cali¬ 
brated  with  an  Eppley  pyrheliometer.  These  levels  are 
sufficient  for  most  testing  and  are  obtainable  at  Culver 
City  because  of  the  use  of  direct  solar  viewing  instead 
of  a  mirror  system.  The  facility  will  have  provisions  for 
battery  operation,  and  measurements  at  a  high-altitude 
location  can  be  made  if  necessary.  It  is  planned  to  cor¬ 
relate  calibration  of  a  Sun  sensor  with  measurements 
made  at  the  JPL  test  facility. 

Tests  on  Clairex  photoconductive  cells  are  being  con¬ 
tinued  with  no  serious  problem  areas  yet  uncovered. 
Illuminated  cell  resistance  versus  temperature,  ultra¬ 
violet  exposure,  high-temperature  soaks,  and  power  dis¬ 
sipation  tests  have  been  performed. 

The  behavior  of  the  illuminated  cell  resistance  with 
temperature  indicates  that  cells  for  the  primary  sensor 
will  have  to  be  roughly  matched  with  regard  to  the  slope 
of  the  temperature-versus-resistance  characteristic.  The 
effect  of  temperature  on  the  cadmium  sulfide  cells  at 
high  levels  of  illumination  is  small,  but  matching  is  de¬ 
sirable  for  maximum  null  stability. 

Cells  were  exposed  to  ultraviolet  energy  in  the  band 
from  2200  to  3150  A  for  a  period  roughly  equivalent  to 
1000  hours  in  space  with  no  measurable  degradation.  The 
tests  indicate  that  ultraviolet  damage  will  not  be  a  prob¬ 
lem  for  either  he  secondary  or  primary  Sun  sensor.  Ex¬ 
posure  of  cells  to  sterilization  temperatures  of  125*  C  for 
24  hours  also  had  no  measurable  effect  on  their  behavior. 

Short-term  power  dissipation  tests  at  elevated  tem¬ 
peratures  have  been  conducted  and  indicate  that  oper¬ 
ation  at  expected  power  dissipation  levels  presents  no 
problem.  Long-term  tests  are  in  progress  to  further  check 
this  point. 

6.  Inertial  ff*f«rMic«  Unit 

a.  ItutrumenU.  The  final  selection  of  a  gyro  which 
fully  satisfies  Surveyor  (light  control  subsystem  require¬ 
ments  was  completed  on  November  3,  1961,  with  the 
release  of  a  purcha.se  order  to  the  Kearfott  Company  for 
26  gyros.  Latest  information  from  Kearfott  indicates  that 


parts  for  all  26  units  are  in  work  and  on  schedule.  De¬ 
livery  of  the  first  unit  is  expected  on  January  30,  1962. 

Additional  phases  of  gyro  procurement  which  are  un¬ 
der  continuing  study  are  as  follows: 

(1)  The  establishment  of  a  gyro  environmental  test¬ 
ing  program  compatible  with  Surveyor  spacecraft 
requirements  will  be  negotiated  with  Kearfott 
under  an  amendment  to  the  contract. 

(2)  The  establishment  of  incoming  test  procedures 
for  gyro  performance  will  be  mutually  agreed 
upon  by  Hughes  Aircraft  Cennpany  and  Kearfott 
in  order  to  achieve  compatibility  of  testing  tech¬ 
niques  and  to  provide  test  data  which  can  be 
properly  correlated. 

The  accelerometer  evaluation  program  is  nearing  com¬ 
pletion.  Two  evaluation  units,  one  from  Conner  and  one 
from  Palomar,  were  purchased  to  (1)  determine  the 
adequacy  of  this  class  of  instrument  for  the  Surveyor 
mission,  and  (2)  assess  the  relative  performance  charac¬ 
teristics  of  units  from  two  possible  vendors.  Both  units 
have  demonstrated  the  potential  capability  of  meeting 
the  accuracy  and  repeatability  requirements,  though  re¬ 
sults  are  still  somewhat  inconclusive  because  of  minor 
functional  difficulties  encountered.  Sticking  around  zero 
H  was  observed  in  the  Palomar  unit  and  after  limited 
tests  it  was  returned  to  the  vendor  for  rework.  The  Don- 
ner  unit  exhibited  an  intermittent  behavior  at  the  normal 
operating  temperature  of  180*  F,  which  is  believed  to 
be  due  to  a  faulty  electrical  component.  Performance  at 
room  temperature  was  generally  satisfactory.  Additional 
tests  are  being  performed  on  the  Donner  unit  to  deter¬ 
mine  its  repeatability  after  environmental  exposures. 
Similar  tests  on  the  reworked  Palomar  unit  are  planned. 

b.  Unit  design.  In  mid-November  all  design  and  test 
efforts  were  stopped  on  the  original  T-mounting  struc¬ 
ture,  and  redesign  was  immediately  started  to  conform 
to  a  space  envelope  compatible  with  the  reconfigured 
(light  control  sensor  group  structure.  The  general  reasons 
underlying  this  change  were  given  above  under  4,  sensor 
group  assembly. 

A  portion  of  the  analysis  and  design  effort  previously 
expended  is  directly  applicable  to  the  new  design  and 
was  utilized  in  ihe  establishment  of  the  preliminary  con¬ 
figuration  shown  in  Figure  37.  A  general  change  to 
the  original  temperature  control  concept  was  necessitated 
by  the  reduced  space  view  factor  due  to  the  new  IRU 
mounting  orientation.  The  temperature  of  each  gyro  will 
be  maintained  by  individual  controllers  rather  than  the 
common  controller  of  the  original  design.  Excess  heat 
>\'ill  be  conducted  to  a  common  space  radiator,  which 
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TEMPERATURE  CONTROLLED  MODULES 

Hgur*  37.  biartial  raferanc*  unit 

will  be  oriented  facing  the  Sun  during  transit  phase  to 
make  maximum  utilization  of  solar  energy,  thereby  mini¬ 
mizing  the  average  heater  power  which  must  be  applied 
to  maintain  gyro  operating  temperature. 

Preliminary  analysis  is  in  process  to  determine  the 
control  power  and  radiator  temperature  during  the  mid¬ 
course  maneuver  when  solar  energy  to  the  radiation 
panel  will  vary.  A  parametric  study  has  been  run  on  the 
IBM  7090  computer  to  determine  mid-course  control 
power  and  radiator  temperature  for  variations  in  the  ratio: 


where  F,  is  the  view  factor  of  the  Sun  and  Ft  is  the  view 
factor  of  space;  a  and  c  are  absorptance  and  emittance 
of  the  radiator  panel.  The  results  indicated  that  in  order 
not  to  exceed  a  peak  heater  power  of  30  watts,  the 
a  F|/<  Ft  ratio  should  not  exceed  0.4. 

The  analysis  of  the  transient  thermal  response  of  the 
gyro  temperature  when  the  heat  source  is  the  gyro  heat¬ 
ers  rather  than  solar  energy  is  in  process. 

7.  Attltud0  Control 

a.  Cm  jet  iub$ystem.  Evaluation  of  gas  tank  vendor 
proposals  indicated  that  the  weight  reciuirement  of  7.2 
pounds  would  be  exceeded  by  approximately  0.7  pound 
with  tanks  made  of  6AL-4V  titanium  alloy.  Menasco 
Manufacturing  Company  propo.sal  using  7AL-4Mo 


which  would  meet  the  weight  requirements,  and  was 
therefore  selected  as  the  vendor. 

After  release  of  the  procurement  specification  for  the 
squib-operated  valves,  a  design  change  was  made.  The 
requirements  of  one  normally  closed  valve  for  gas  release 
and  one  normally  open  valve  for  gas  shutoff  were 
changed  to  two  normally  closed  valves.  This  will  permit 
the  release  of  residual  tank  pressure  during  vernier  de¬ 
scent  rather  than  storage,  to  minimize  the  possibility  of 
gas  tank  rupture.  Four  vendors  submitted  proposals  on 
the  original  concept,  of  which  two,  Conax  and  Thiokol, 
were  considered  acceptable.  A  revised  procurement 
specification,  statement  of  work,  and  drawings  will  be 
resubmitted  to  these  two  vendors  for  proposals. 

The  pressure  transducer  has  been  changed  from  a 
Bourns  Model  304  to  a  Model  737  with  modifications  in 
mounting  and  electrical  connections  to  obtain  a  hermeti¬ 
cally  sealed  unit  and  also  obtain  increased  overpressure 
capability. 

Two  jet  valve  pairs  have  been  assembled  and  are  now 
being  subjected  to  environmental  operation  tests.  Figure 
38  is  a  photograph  of  the  preliminary  design.  Other 
parts  are  in  process  which  will  reflect  a  close  coupled 
AN-typt*  pressure  connection  to  satisfy  the  Surveyor  gas 
plumbing  requirements. 

An  engineering  model  of  the  pressure  control,  com¬ 
prising  the  pressure  regulator,  pressure  relief,  and  sole¬ 
noid  shut-off  valve,  is  shown  in  Figure  39.  Tests  are 


Figure  31.  Oas  jet  vulvas 
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Nfura  39.  PrMMira  CMitrel  f*r  gm  jet  lytMin 


now  in  progress.  Additional  units  are  being  fabricated 
which  reflect  minor  design  and  fabrication  changes. 

b.  Rail  actuator.  The  vernier  roll  actuator  provides  roll 
moment  control  during  mid-course  and  terminal  ma¬ 
neuver  phases  by  positioning  the  No.  1  vernier  engine 
thrust  axis.  The  actuator  design  previously  under  devel¬ 
opment  was  a  double-acting  electromagnet  which  pivoted 
the  trunnion-mounted  vernier  engine  through  a  lever 
arm  linkage.  The  design  aincept  for  the  roll  actuator  has 
been  altered  considerably  in  the  present  rep<irting  period. 
The  new  design  is  a  proportional  positioning  system 
using  a  conventional  servo-motor  and  gear  reduction  unit 
and  inductive  pickoff  sealed  in  a  single  housing. 

The  primary  reason  fur  the  design  change  was  the 
increase  in  the  vernier  engine  weight,  inertia,  and  loca¬ 
tion  of  center  of  gravity  as  seen  from  the  pivot  axis.  In 
order  to  continue  to  meet  performance  requirements,  the 
output  force  of  the  two-position  solenoid  would  have  had 
to  increase  to  7.5  pounds.  The  increase  in  output  forw 
caused  a  significant  increase  in  solenoid  design  weight 
due  to  the  increase  in  plunger  size  to  carry  additional  flux. 

In  addition,  concern  over  the  effects  of  the  bang-bang 
solenoid  characteristics  on  the  vernier  engine  nozzle 
structure  had  been  expressed  by  RMD.  An  effort  was 
under  way  to  develop  "soft”  stops  to  limit  engine  motion. 
Unfortunately,  the  design  retpiirements  were  somewhat 


conflicting  since  a  soft  stop  implies  delayed  motion  which 
tends  to  violate  an  initial  requirement  for  rapid  engine 
positioning.  A  bang-bang  solenoid  design  which  would 
meet  the  system  requirements  would  result  in  an  increase 
in  spacecraft  weight  of  2  to  3  pounds.  As  a  result,  a  thor¬ 
ough  study  was  made  of  alternate  techniques  and  the 
proportional  system  using  an  ac  motor-gear  and  pickoff 
was  selected. 

Th  '  proportional  system  chosen  will  allow  a  decrease 
in  power  requirements  and  a  slight  decrease  in  spacecraft 
weight.  Preliminary  requirements  for  the  actuator  are: 

Weight  . <  1.2  lb 

Power  <8  watts,  400  cps 

No-load  speed  ....  0.13  rad/sec 

Stall  torque  52  in.-Ib 

The  new  design  of  the  roll  actuator  will  be  subcon¬ 
tracted.  A  detailed  procurement  specification  and  state¬ 
ment  of  work  are  presently  being  prepared. 

8.  Control  Circuitry 

a.  Summary.  Detailed  evaluation  and  optimization  of 
the  control  circuitry  is  continuing  by  means  of  bread¬ 
board  testing.  Circuit  parameters  are  being  adjusted 
where  necessary  to  compensate  for  the  varying  ambient 
temperatures  and  power  supply  voltages. 

The  thrust  control  circuitry  has  changed  as  a  result  of 
using  the  mid-course  accelerometer  to  provide  acceler¬ 
ation  feedback  signals  during  the  vernier  descent  mode. 
The  revised  thrust  control  circuitry  is  shown  in  Figure 

40.  The  mid-course  command  signal  is  applied  only  dur¬ 
ing  mid-coiirsc  thrust  control,  providing,  after  summation 
with  the  accelerometer  feedback  signal,  a  thrust  com¬ 
mand  proportional  to  the  acceleration  error.  The  acceler¬ 
ation  loop  during  mid-course  has  not  changed  basically. 
However,  use  of  the  accelerometer  during  vernier  des¬ 
cent  has  n(*cessitated  increasing  its  output  range  as  well 
as  decreasing  its  scale  factor.  During  vernier  descent  the 
summation  of  the  descent  acceleration  command  and  the 
accelerometer  signal  provides  a  thrust  command  to  the 
vernier  mixing  network.  The  descent  acceleration  com¬ 
mand  is  the  amplified  difference  between  the  thrust  axis 
velocity  measured  by  the  dopplcr  radar  and  the  altimeter 
signal  that  has  been  shaped  by  the  nonlinear  circuitry. 
The  descent  acceleration  command  is  limited  prior  to 
summation  with  the  accelerometer  signal  to  prevent  sat¬ 
uration  of  the  vernier  engines,  in  accordance  with  Figure 

41.  A  low  (but  not  minimum)  thrust  command  results 
whenever  the  descent  acceleration  command  is  less  than 
or  e<iual  to  0.11  g.  Commands  rising  above  this  lower 
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limit  will  produce  proportional  increases  in  thrust  until 
the  maximum  thrust  command  of  0,42  g  results.  At  a 
certain  point  along  the  trajectory  (approximately  2500 
feet  range),  the  limit  imposed  on  the  descent  accelera¬ 
tion  command  is  increased  by  approximately  6%  to 
compensate  for  the  decreasing  spacecraft  mass.  The 
switches  shown  in  Figure  40  are  functional  representa¬ 
tions  of  standard  flight  control  solid-state  switches. 


The  roll  actuator  servoamplifier  design  has  changed 
as  a  result  of  the  decision  to  use  a  proportional  actuator. 
Figure  42  is  a  block  diagram  of  the  proportional  roll 
actuator  and  associated  circuitry.  The  actuator  consists 
of  a  two-phase  servo  motor  which  with  associated  gear¬ 
ing  and  position  pickoff  is  mounted  such  that  vernier 
engine  No.  l.may  be  swiveled  through  a  small  angle.  As 
before,  the  roll  attitude  error  is  obtained  from  the  gyro 


Fiswre  40.  Thrust  control  circuitry 
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DESCENT  AMNLIEIEN  OUTEUT  ,  (At 


Rgura  41.  DMcmt  thrutf  commaiMl  llmltiiif 


and  is  amplified  and  frequency-shaped.  This  signal, 
which  is  a  position  command,  is  summed  with  the  posi¬ 
tion  feedback,  to  create  a  motor  drive  proportional  to  the 
position  error.  Upon  separation  of  the  retro-rocket  case 
from  the  craft,  a  gain  change  is  made  in  the  attitude 
loop  to  compensate  for  the  decreased  moment  of  inertia 
that  results.  A  Class  B  power  amplifier  is  used  to  drive 
the  servo  motor,  and  is  composed  of  the  same  type  of 
power  transistors  that  were  used  in  the  previous  bistable 
version.  The  demand  of  the  Class  B  amplifier  from  the 
power  supply  is  now  proportional  to  the  position  error. 


In  the  solenoid  design  there  was  a  constant  drain  on  the 
power  supply.  At  maximum  output  the  proportional  cir¬ 
cuit  demand  is  smaller  than  that  of  the  previous  bistable 
version. 


E.  Electronics 

7.  IntroducHon 

This  section  covers  the  various  systems  involved  in 
telecommunications  (including  the  demodulator  circuits 
for  the  deep  space  station),  the  television  system,  and 
the  radar  systems.  The  spacecraft  power  management 
and  the  fiight  control  electronics  are  discussed  in  Sections 
F  and  D,  respectively. 


2.  Manor  Array  IHIgh-GaIn)  Antanna 

The  planar  array  antenna  concentrates  the  energy  of 
the  television  transmitter  in  the  direction  of  the  Earth. 


Figure  42.  Proportional  roll  actuator 
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This  high-gain  antenna  is  a  slotted  waveguide  planar 
array.  Circular  polarization  is  accomplished  by  udliz- 
ing  crossed  slots  and  simple  slots  in  a  manner  that  pro¬ 
duces  two  orthogonal  linearly  polarized  planar  arrays 
in  a  given  aperture.  These  two  interlaced  arrays  are  fed 
in  time  quadrature.  Higher-order  beams  characteristic 
of  large  slot  spacings  are  eliminated  through  the  use  of 
waveguide  with  wave-slowing  corrugations  which  in 
turn  allows  reduced  slot  spacings. 

Extensive  coupling  coefficient  measurements  were 
made  on  both  the  crossed  slots  and  singular  slots.  These 
slots  are  generally  nonresonant  since  the  coupling  value 
is  controlled  by  the  slot  length.  Figure  43  shows  curves 
of  coupling  coefficient  versus  slot  length  for  both  types 
of  slots.  Tests  show  that  the  phase  shifts  associated  with 
these  nonresonant  slots  were  much  larger  in  the  corru¬ 
gated  guide  than  in  standard  guide.  Therefore,  phase 
measurements  have  been  made  on  both  the  radiated 
wave  and  the  driving  wave.  These  data  were  used  to 
determine  the  adjustments  in  the  slot  spacing  which 
effect  the  desired  phase  corrections. 

A  linear  array  test  fixture  has  been  built  to  accom¬ 
modate  removable  aperture  plates.  The  planar  array 
slot  configuration  requires  two  slightly  different  slot 
patterns  in  its  component  linear  arrays.  Hence  linear 
array  aperture  plates  are  made  in  sets  of  two.  Two  such 
sets  have  been  made.  The  first  set  did  not  have  its  slot 
spacings  compensated  for  induced  phase  shifts.  The  sec¬ 
ond  set  did  incorporate  corrections  for  such  errors  based 
on  phase  shift  data  mentioned  above  and  a  study  of 
patterns  taken  on  the  first  set  of  aperture  plates.  A 
second  set  of  plates,  designated  lb  and  2b,  gave  fairly 
good  results.  Voltage  standing  wave  ratios  (VSWR) 
as  a  function  of  frequency  are  shown  in  Figure  44. 
The  measured  power  into  the  load  was  almost  exactly 
as  calculated,  indicating  that  the  slot  coupling  data 
are  good.  Typical  patterns  are  shown  in  Figures  45 
and  They  were  taken  on  a  .38.5-inch  square  ground 
plane  to  simulate  the  planar  array.  The  polarization 
ellipse  has  its  major  axis  aligned  with  the  longittidinal 
axis  of  the  array.  Hence  the  magnitudes  of  the  two 
orthogonal  components  shown  on  the  patterns  give  an 
accurate  indication  of  the  axial  ratio  (approx  1.8 
db).  The  beam  tilts  are  about  1^  degree  larger 
than  expected  but  this  is  easily  corrected.  Measured 
gains,  with  respect  to  the  gain  of  a  circularly  polarized 
isotopic  source,  are  17.3  and  17.0  db,  respectively, 
for  arrays  lb  and  2b.  Tlie  large  lobes  noticeable  in  the 
region  near  9  =  —  90  degrees  for  E*  polarizations  are 


the  second-order  beams  expected  in  the  linear  array 
patterns.  The  combining  of  the  linear  arrays  into  a  planar 
array  will  suppress  these  beams. 


Figura  44.  Volloga  standing  wav#  rotlM  of 
Linsar  Arrays  1b  and  2b 
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Rflurs  4S.  Antonna  pcrttamt  of  Unoor  Array  1b 


Figuro  44.  Antonna  poHr-  ...  or  Linoor  Array  2b 
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Evidence  of  some  phase  error  is  still  present  in  these 
patterns  and  the  side  lobes  are  higher  than  desired; 
therefore,  an  improved  set  of  linear  array  aperture  plates 
will  be  made  before  a  full  planar  array  aperture  plate 
is  designed. 

A  set  of  test  fixtures  for  developing  the  full-size  transi¬ 
tion  from  the  coaxial  line  connector  to  the  feed  guide 
were  received,  and  measurements  are  now  under  way 
using  a  loop  probe  as  a  coupler.  Preliminary  data  appear 
very  promising  and  a  VSWR  of  1.2  has  b^n  obtained. 
This  data  is  now  being  verified  by  newly  designed  loop 
probes.  In  addition,  another  fixture  for  taking  feed  line 
slot  conductance  measurements  under  conditions  simu¬ 
lating  the  final  configuration  was  received.  Measurements 
on  this  fixture  have  also  been  started. 

Fabrication  of  a  breadboard  planar  array  with  a  re¬ 
movable  aperture  plate  has  begun.  The  feed  line  for  this 
model  will  be  electrically  identical  to  the  feed  to  be 
used  on  flight  units.  Two  mechanical  prototypes  are 
being  built  to  prove  out  fabrication  techniques.  Delays 
in  developing  necessary  tooling  have  held  up  production 
of  a  model  welded  by  an  ultrasonic  welding  technique. 
Several  8-inch  square  sections  have  been  produced  using 
this  method.  These  sections  appear  functionally  sound 
and  the  full-size  model  should  be  finished  soon.  The 
other  mechanical  prototype  is  being  built  as  a  backup 
to  the  ultrasonic  welded  model.  This  one  uses  an  ad¬ 
vanced  resistance  welding  technique  and  is  7SX  com¬ 
plete.  The  results  so  far  look  as  promising  as  the  ultra¬ 
sonic  weld  method. 


3.  OmnUInttional  AnHnnat 

The  omnidirectional  antenna  system  is  used  to  pick 
up  command  signals  from  the  Deep  Space  Instrumenta¬ 
tion  Facility  (DSIF)  and  transmit  telemetering  data 
back  to  Earth.  The  omnidirectional  antennas  form  part 
of  the  phase-locked  loop  between  the  spacecraft  and  the 
DSIF  station  which  continuously  measures  doppler  shift 
to  determine  spacecraft  velocity.  The  antenna  system 
consists  of  two  turnstile  antennas  each  of  which  is  backed 
by  a  conical  reflecting  surface.  The  turnstile  elements  arc 
oriented  parallel  to  the  ground  plane  (Fig  47). 

The  two  turnstile  antenna  axes  arc  to  be  oriented  with 
respect  to  each  other  and  to  the  spacecraft  as  indicated 
in  Figure  48.  It  is  believed  that  this  orientation  will  give 
the  best  spherical  coverage  and  still  provide  adequate 
operating  characteristics  in  case  a  failure  (Kciirs  result¬ 
ing  in  a  tumbling  of  the  spacecraft  about  some  axis. 


A  set  of  patterns  was  taken  using  two  quarter-scale 
antennas  and  a  quarter-scale  model  of  the  spacecraft 
oriented  as  shown  in  Figure  49  which  also  indicates  the 
experimental  setup  used  to  make  the  patterns.  The  an¬ 
tennas  were  only  approximately  oriented  to  the  optimum 
position  indicated  by  Figure  48.  This  was  due  to  the 
inadequate  coverage  of  the  particular  turnstile  antennas 
used  for  making  these  coverage  patterns.  A  study  is 


Figure  47.  OmnidirucHonal  oiMwina  owHIim 


r 


Figure  4t.  Omnidirectienal  antenna  erientotian 
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presently  being  directed  toward  increasing  the  angular 
coverage  of  the  individual  antennas. 

Some  of  the  patterns  taken  are  shown  in  Figure  50. 
It  should  be  noted  that  these  patterns,  taken  with  two 
turnstile  antennas,  provide  360-degree  coverage  (one  an¬ 
tenna  covers  the  null  of  the  other)  as  opposed  to  the 
single  antenna  patterns  of  the  last  report. 

The  full-scale  turnstile  antenna  is  undergoing  circuit 
development  to  obtain  the  proper  phase  relationships 
between  radiating  elements  and  to  obtain  the  best  im¬ 
pedance  match  over  the  band  of  operating  frequencies 
being  used.  An  alternate  antenna  design  is  under  con¬ 
sideration  in  an  effort  to  obtain  the  best  pattern  cover¬ 
age  as  well  as  the  mechanical  advantages  ^  light  weight 
and  structural  rigidity.  This  antenna  consists  of  a  circular 
cavity  radiating  circular  polarization  at  the  apex  of  a 
cone.  Figure  51  indicates  the  approximate  configuration 
being  considered. 

Arrangements  are  being  made  to  modify  the  antenna 
range  to  provide  the  facilities  necessary  to  take  antenna 
patterns  using  the  full-scale  antenna  system  with  the 
full-scale  model  of  the  Surveyor  spacecraft. 

4.  Commofid  Display  Consol*  Ocmodufufor 

a.  GeueroL  The  command  display  console  (CDC) 
demodulator  serves  as  a  frequency  modulation  and  phase 
modulation  detector  for  signals  coming  from  the  DSIF 
receiver.  The  CDC  demodulator  has  four  modes  of 
operation  which  are  described  below. 


(1)  Wide  band;  In  the  wide  band  mode  of  operation 
the  demodulator  detects  the  wide  band  television  and 
telemetering  data  within  a  3.3-mc  intermediate  fre¬ 
quency  (IF)  bandwidth. 

(2)  Narrow  band:  The  narrow  band  mode  of  opera¬ 
tion  detects  telemetering  information  within  a  30- 
kc  IF  bandwidth. 

(3)  Emergency  mode;  The  emergency  mode  of  opera¬ 
tion  detects  television  information  within  a  4.4-kc  IF 
bandwidth. 

(4)  Phase  lock  mode:  The  phase  lock  mode  detects 
wide  band  phase  modulation  signal  within  a  3.3- 
mc  IF  bandwidth. 

All  detected  signals  are  supplied  to  the  CDC  where 
they  are  processed. 

As  a  result  of  the  CDC  demodulator  circuit  design 
review,  certain  modifications  and  additions  to  the  pres¬ 
ent  circuit  are  necessary  or  desirable: 

(1)  Wide  band  video  filter. 

( 2 )  Emergency  mode  video  filter. 

(3)  2.4-inegacycIe  IF  channel  to  utilize  existing  nar¬ 
row  band  IF  signal  from  the  DSIF  receiver. 

The  wide  band  and  emergency  mode  filters  are  re¬ 
quired  to  realize  the  full  signal-to-noise  improvement 
gained  by  using  wide  band  frequency  modulation.  The 
2.4-mc  IF  channel  was  added  to  the  demodulator 
for  operation  in  the  narrow  band  and  emergency  modes. 
The  new  channel  takes  advantage  of  a  narrow  band 
output  signal  from  the  DSIF  receiver.  The  availability 
of  this  signal  was  just  recently  made  known.  The  new 
IF  dumnel  reduces  the  complexity  of  the  demodulator 
by  replacing  the  third  and  fourth  IF  amplifiers  formerly 
used  for  these  ntodes  of  operation.  The  second  and  diird 
conversion  oscillators  thus  are  also  eliminated.  The  modi¬ 
fication  was  desirable  not  only  to  simplify  the  demodu¬ 
lator,  but  to  reduce  the  possibility  of  int^ering  signals 
being  generated  in  the  demodulator  which  would  affect 
normal  DSIF  receiver  operation.  Especially  serious  was 
the  existence  of  severid  conversion  oscillatmrs  which 
could  mix  together  and  produce  unpredicted  signals. 

b.  Function  description.  A  revised  block  diagram  of 
the  CDC  demodulator  is  shown  in  Figure  52.  The  opera¬ 
tion  of  the  wide  band  discriminator  and  phase  detector 
loop  arc  the  .same  as  described  previously  (SPS  37-12), 
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with  the  exception  that  a  low  pass  filter  has  been  added 
to  the  wide  band  frequency  discriminator  output. 

A  2.4-mc  IF  signal  is  supplied  from  the  DSIF 
receiver  to  the  input  of  the  2,4-mc  amplifier. 
Provisions  are  also  made  in  the  DSIF  receiver  whereby 
a  10-,  20-.  or  30-kc  noise  bandwidth  for  the  2.4- 


mc  signal  can  be  selected.  The  input  signal  is 
amplified  and  applied  to  a  switch.  In  the  narrow  band 
position  of  the  switch,  the  signal  passes  through  a  re¬ 
sistive  pad  which  matches  the  crystal  filter  insertion  loss. 
In  the  emergency  position  of  the  switch,  the  signal 
passes  through  a  crystal  filter  with  a  4.4-kc  band¬ 
width.  The  amplified  2.4-mc  signal  is  supplied 
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Figure  SO.  Antenna  patterns  with  two  turnstiles 
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FEED  CONNECTOR 


Figura  SI.  CwM-covity  ontMino  (design  altnrmrtn) 


to  the  limiter  and  the  ACC  detector.  The  ACC  detector 
output  signal  is  filtered  and  fed  back  to  the  2.4- 
mc  amplifier  such  that  the  input  signal  to  the 
limiter  is  maintained  constant  for  a  20-db  variation 
of  the  input  signal.  The  limiter  removes  amplitude  modu- 
la^on  to  which  the  ACC  loop  can  not  respond.  The 
limiter  output  is  fed  to  the  narrow  band  frequency  dis¬ 
criminator  where  the  emergency  television  or  telemeter¬ 
ing  subcarrier  signals  are  detected.  The  telemetering 
subcarrier  signals  are  applied  to  the  summing  network 
and  they  appear  at  the  wide-band  video  output.  Tbe 
emergency  television  passes  through  a  low  pass  filter 
and  a  video  amplifier  to  the  emergency  television  output 
terminal.  The  narrow  band  frequency  discriminator  dc 
output  voltage  js  filtered  and  supplied  for  monitoring 
the  frequency  drift  of  the  DSIF  receiver.  Tuning  cor¬ 
rections  to  the  receiver  may  be  manually  applied  as 
necessary. 

5.  Signal  ProcMsfng 

The  signal  processing  system  in  the  Surveyor  space¬ 
craft  processes  the  variety  of  signals  from  the  scientific 
instruments  and  the  many  channels  of  engineering  infor¬ 
mation  into  a  form  suitable  for  modulating  the  trans¬ 
mitter.  The  system  consists  of  three  major  blocks:  (1) 
the  central  signal  processor,  (2)  the  engineering  signal 
processor,  and  (3)  the  scientific  signal  processor.  One 
of  the  main  objectives  in  the  system  design  was  to 
achieve  as  much  independence  between  individual  ex¬ 
periments  and  the  processing  of  engineering  information 
as  is  reasonable.  Tliis  independence  increases  reliability 


and  also  allows  changes  to  be  incorporated  into  the 
system  more  readily. 

a.  Central  tignal  proeenor.  The  central  signal  proces¬ 
sor  contains  two  analog-to-digital  (A-D)  converters, 
three  subcarrier  oscillators,  six  weighted  sumnting  ampli¬ 
fiers,  eight  power  switches,  and  a  subcarrier  oscillator 
bypass  gate.  The  block  diagram  of  the  analog  circuit 
portion  of  the  central  signal  processor  is  shown  in  Figure 
53.  Output  signals  from  the  A-D  converter,  scientific 
auxiliaries,  and  engineering  signal  processor  are  com¬ 
bined  in  the  summing  amplifiers  and  are  then  sent  to 
either  one  of  the  two  transmitters.  The  transmitters  are 
either  phase-modulated  or  frequency-modulated  de¬ 
pending  on  which  mode  has  been  selected. 

The  method  of  summing  the  various  signals  has  been 
changed  since  the  last  report.  A  redundant-type  sum¬ 
ming  system  has  been  selected  in  order  to  eliminate  die 
possibility  that  failure  in  the  “final’  summing  amplifier 
might  prevent  signals  from  modulating  either  of  the 
transmitters.  Tliis  system  uses  individual  “final”  sum¬ 
ming  amplifiers  to  provide  signals  for  the  four  different 
mixles;  (1)  frequency-modulated  transmitter  A,  (2) 
frequency-modulated  transmitter  B,  (3)  phase- 
modulated  transmitter  A,  and  (4)  phase-modulated 
transmitter  B.  Two  additional  summing  amplifiers  are 
used  to  “pre-sum”  outputs  of  various  scientific  auxiliaries. 
This  pre-summing  reduces  the  number  of  inputs  to  the 
“final”  summing  amplifiers  and  therefore  allows  a  reduc¬ 
tion  in  the  complexity  of  the  summing  amplifiers.  In 
addition,  changes  can  be  incoriiorated  into  the  system 
quite  readily. 
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The  analog  circuitry  for  the  central  signal  processor 
has  been  breadboarded  and  is  undergoing  performance 
tests.  A  design  review  of  the  circuit  has  been  conducted 
and  no  serious  problems  were  uncovered.  Recommended 
modifications  that  were  found  to  be  valid  were  incor¬ 
porated  into  the  design.  Final  circuit  release  for  prod¬ 
uctizing  will  be  made  when  performance  specifications 
are  firmer. 

The  schematic  diagram  of  the  analog  circuit  portion 
of  the  central  signal  processor  is  shown  in  Figure  54. 
The  signal  summing  is  performed  by  operational-type 
summing  amplifiers.  Each  of  the  six  amplifiers  uses  two 


high-gain  silicon  planar  transistors  and  they  are  iden¬ 
tical  except  f(  minor  variations  that  refiect  dififerent 
bandwidth  and  impedance  requirements.  Ground-out 
switches  have  been  added  at  the  inputs  of  the  “final” 
summing  amplifiers  since  the  last  report.  The  ground-out 
switch  prevents  signals  from  feeding  through  the  input 
resistors  of  the  “off”  summing  amplifier  and  affecting  the 
channel  gain  of  the  “on”  summing  amplifier.  The  ground- 
out  switch  also  prevents  changes  in  channel  gain  from  oc¬ 
curring  if  one  of  the  summing  amplifiers  can  not  be  turned 
off  due  to  a  failure  in  the  power  switch.  The  ground-out 
switches  are  activated  by  a  29-volt  signal  from  the  trans¬ 
mitters. 
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The  subcarrier  oscillator  bypass  gate  has  been  added 
since  the  last  report.  The  b,  pass  gate  allows  the  tele¬ 
vision  frame  identification  signal  from  the  A-D  converter 
to  frequency  modulate  the  transmitter  directly.  The  by¬ 
pass  gate  is  closed  by  an  enable  pulse  generated  in  the 
TV  aiudliary. 

b.  Engineering  signni  processor.  A  preliminary  circuit 
release  has  been  made  for  the  engineering  signal  proc¬ 
essor.  A  breadboard  has  been  constructed  and  success¬ 
fully  tested.  The  breadboard  incorporated  the  complete 
logic,  electronic  commutators,  and  a  special  commutator 
for  the  measurement  of  temperature.  The  engineering 
signal  processor  breadboard  was  then  successfully  inte¬ 
grated  with  a  breadboard  of  the  A-D  converter.  A  re¬ 
cording  of  the  output  of  the  A-D  converter  was  made 


to  examine  the  various  commutated  inputs,  and  the 
desired  accuracy  was  found  to  have  been  achieved. 

c.  Temperature  meaeuremetU  udng  reeiethe  eeneore. 
Temperature  measurements  in  Surveyor  will  be  accom¬ 
plished  by  resistive  temperature  measuring  sensors.  The 
block  diagram  of  the  temperature  measuring  system  is 
shown  in  Figure  55.  The  resistive  sensors  are  excited 
from  a  constant  current  generator.  An  electronic  com¬ 
mutator  sequentially  connects  the  constant  current  gen¬ 
erator  and  the  analog-to-digi'al  converter  to  the  various 
sensor  resistors.  Each  position  on  the  commutator  con¬ 
tains  two  solid-state  switches,  labeled  a  and  b.  Switch  a 
connects  the  constant  current  generator  to  the  sensor 
resistor  while  Switch  b  connects  the  A-D  converter  to 
the  sensor  resistor.  Switch  b  could  be  eliminated  if  the 
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A-D  converter  were  connected  directly  to  the  output  of 
the  constant  current  generator.  However,  the  offset 
voltage  in  Switch  a  has  a  relatively  large  variation  since 
it  must  carry  the  sensor  current.  The  variation  is  greater 
than  the  allowable  reading  error  and  this  is  intolerable. 
The  current  through  Switch  b  is  very  small  and  there¬ 
fore  a  much  more  accurate  offset  voltage  can  be  main¬ 
tained.  The  constant  current  generator  maintains  the 
sensor  resistor  common  connection  at  a  virtual  dc  ground 
(Point  b).  The  reference  resistor  is  connected  from  this 
virtual  ground  to  a  very  stable  negative  voltage  (Point 
c).  The  current  flowing  through  the  selected  sensor 
resistor  must  pass  through  the  reference  resistor  except 
for  a  very  small  percentage  that  flows  into  the  high 
impedance  differential  amplifler.  Therefore,  a  constant 
current  can  be  supplied  through  the  selected  sensor  re¬ 
sistor  even  if  the  closing  of  Switches  a  and/or  b  add  or 
subtract  current  from  the  output  of  the  differential 
amplifier. 

Constant  current  generator.  A  constant  current  gen¬ 
erator  has  been  designed  and  tested  that  maintains  the 
current  constant  to  better  than  rfc  0.1%  for  resistive  loads 
between  0  and  2000  ohms  and  over  a  temperature  range 


of  "20  to  55°C.  The  nominal  current  is  2.5  milli- 
amperes.  The  schematic  diagram  of  the  constant  current 
generate  is  shown  in  Figure  56.  The  circuit  maintains 
a  constant  current  through  the  very  stable  reference  re¬ 
sistor  Rll.  A  reference  zener  diode  CRl  maintains  a 
constant  negative  voltage  at  one  end  of  Rll.  The  volt¬ 
age  at  the  other  end  of  Rll  is  maintained  at  zero  volts 
by  means  of  a  five-transistor  (Q1  through  QS)  differen¬ 
tial  input  amplifier.  The  input  current  to  the  amplifier 
causes  less  than  ±  0.02%  error  in  the  current  through 
Rll.  The  current  through  the  reference  zener  diode  is 
controlled  by  a  three-transistor  (Q6,  Q7,  Q8)  regulator 
circuit.  This  is  necessary  to  maintain  the  required  accur¬ 
acy  of  the  zener  voltage. 

6.  Commond  Decoding 

a.  Central  command  decoder.  In  addition  to  minor 
changes  in  several  other  circuits,  the  receiver-decoder 
selector  circuitry  and  the  flip-flop  circuit  of  the  cental 
command  decoder  have  been  modified.  A  decision  has 
also  been  made  to  include  the  basic  bus  subsystem  de¬ 
coders  in  the  central  decoder  unit  along  with  the  re¬ 
dundant  central  command  decoders  and  the  receiver 
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Figure  57.  Rucuivur-ducedur  tulucter 


decoder  selector.  Four  subsystem  decoders  are  included 
for  the  basic  bus  commands,  excluding  the  flight  control 
commands.  The  latter  are  handled  by  a  flight  control 
decoder  in  the  flight  control  electronics  unit. 

A  block  diagram  of  the  receiver-decoder  selector  is 
shown  in  Figure  57.  The  receiver-decoder  selector  de¬ 
termines  which  central  command  decoder  and  which 
receiver  will  be  used.  Which  of  the  four  possible  com¬ 
binations  of  central  command  decoder  and  receiver  is 
used  is  remembered  by  a  two-stage  counter  which  is 
stepped  each  time  transmission  is  terminated. 

The  index  circuits  consist  of  a  resistor-capacitor  net¬ 
work,  a  threshold  recognizing  circuit,  and  an  amplifler. 
Transmission  from  the  ground  causes  the  index,  after 
a  short  delay  necessary  to  reject  noise  bursts,  to  put  out 
a  signal  which  turns  on  one  of  the  electrical  conversion 
unit  drivers,  which  turns  on  the  corresponding  central 
command  decoder.  Flip-flop  No.  2  of  the  counter  de¬ 
termines  which  central  command  decoder  is  turned  on. 
When  transmission  ceases,  after  a  short  delay,  the  index 
signal  which  operates  the  electrical  conversion  unit 
drivers  turns  off,  resulting  in  changing  the  state  of  flip- 
flop  No.  1  of  the  counter.  Flip-flop  No.  1  determines,  by 
use  of  gating  in  each  central  command  decoder,  which 
receiver  output  will  be  used  by  the  selected  central 
command  decoder.  The  state  (off  or  on)  of  one  central 
command  decoder  is  telemetered  via  a  yes/no  commu¬ 
tator  in  the  engineering  signal  processor.  Since  the  se- 
<|uence  of  the  counter  states  is  known,  this  signal  is 
adequate  to  inform  ground  operators  which  receiver 
and  which  central  command  decoder  are  selected. 

The  c-entral  deccxler  unit  flip-flop  (and  the  central 
signal  processor  flip-flop)  have  been  changed  by  the 
addition  of  four  components  to  each  flip-flop  to  reduce 
noise  sensitivity  and  to  allow  simplification  of  the  clock 
pulse  circuitry.  This  added  noise  tolerance  is  of  impor¬ 
tance  due  to  the  low  power  level  of  the  circuitry. 

The  old  circuit  is  shown  in  Figure  58a.  A  sawtooth 
clock  pulse  was  required.  The  new  circuit,  shown  iii 
Figure  58h,  requires  a  simple  rectangular  clock  pulse. 
More  important,  noise  tolerance  is  greatly  improved. 
Tlie  anti-noise  bias,  of  approximately  1-volt  amplitude, 
baek  biases  the  diodes  connected  to  the  transistor  bases 
to  protect  against  false  triggering  of  the  flip-flop  by  stray 
pulses  on  both  the  R  and  S  input  lines  and  on  ground. 

M«>dules  for  607  of  the  command  decoding  circuitry 
have  been  designed.  Six  printed  circuit  boards  will  be 
u.sed  to  mount  approximately  66  modules,  the  number 
estimated  for  the  command  decxxler  unit. 
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Circuits  have  been  assigned  to  modules,  and  a  scratch 
pad  "module-placement”  layout  is  being  dravm.  The 
objectives  of  this  layout  are  to  minimize  interconnections 
on  and  between  cards  and  to  uniformly  place  high- 
power-dissipating  modules. 

b.  Flight  control  decoder  and  programmer. 

Logic  and  organization.  The  flight  control  decoder 
and  programmer  (Fig  59)  receives  inputs  from 
the  flight  control  subsystem  and  from 
the  flight  control  command  decoder.  Outputs  from  the 
programmer  are  used  to  control  and  actuate  devices 


V 


b.  NEW 

Figure  51.  Central  decoder  unit  flip-flops 


which  effect  initiation  of  the  flight  control  action,  angle 
maneuvers,  mid-course  velocity  correction,  and  opera¬ 
tions  affecting  ffnal  descent. 

Preliminary  logic  equations  for  the  programmer  were 
released  November  6,  1961.  A  block  diagram  of  this 
design  is  given  in  Figure  60.  The  programmer  in  this 


Figure  59.  Right  control  decoder  and  programmer 
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design  is  essentially  a  timing  device  operating  in  three 
modes  according  to  signals  from  the  flight  control  de¬ 
coder  and  from  the  flight  control  system.  The  three 
modes  are;  (1)  auto-extemal;  (2)  auto-intemal;  and 
(3)  manual.  In  the  auto-extemal  mode,  the  time  delays 
are  automatically  generated  (after  an  appropriate  “start” 
signal)  according  to  magnitude  bits  generated  exter¬ 
nally  on  the  ground  and  transmitted  through  the  central 
command  decoder.  In  the  auto-interaal  mode,  the  time 
delays  are  generated  automatically  from  magnitude  bits 
generated  by  an  internal  number  generator  whose  logic 
is  wired  to  deliver  preset  magnitudes.  In  the  manual 
mode  the  time  delays  are  completely  subservient  to  the 
start  and  stop  commands  generated  at  the  ground  sta¬ 
tion.  In  this  mode,  the  time  interval  is  defined  by  the 
interval  between  the  start  and  stop  signals. 

The  logic  equations  in  this  design  call  for  32  (reset- 
set)  (R-S)  flip-flops,  20  logic  amplifiers,  15  output  ampli- 
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fiers,  seven  inverters,  two  clock  pulse  systems,  one  refer¬ 
ence  oscillator,  and  a  set  of  countdown  scalers.  The  need 
for  two  clock  systems  arose  due  to  the  asynchronous 
relation  between  the  reference  oscillator  clock  and  the 
timing  of  signals  originating  in  the  command  decoder. 
It  was  suggested  that  dc  coupled  flip-flops  might  be 
used  to  avoid  a  two-clock  system.  This  technique  was 
unable  to  solve  the  problem  of  resetting  several  flip- 
flops  with  the  same  pulse  without  a  substantial  increase 
in  the  number  of  flip-flops.  The  problem  of  synchroniza¬ 
tion  was  settled  by  using  a  gate-controlled  relaxation 
oscillator  driving  a  standard  clock  pulse  output  circuit. 
These  clock  pulses  (called  MCP)  are  produced  when¬ 
ever  appropriate  command  pulses  are  present.  The  tim¬ 
ing  oscillator  feeds  scalers  having  two  output  frequen¬ 
cies,  each  of  which  is  gate  selectable  and  is  capable  of 
driving  standard  clock  circuits.  These  circuits  produce 
the  timing  clock  pulses  (TCP).  The  technique  used 
here,  of  operating  two  sets  of  flip-flops  each  having  sep¬ 
arate  clock  timing,  makes  use  of  a  single  standard  R-S 
flip-flop  type. 

Oscillator  circuit  design.  The  long-term  stability  re¬ 
quirements  of  the  frequency  source  circuits  dictated  the 
use  of  a  resonator  (crystal  or  tuning  fork)  to  maintain 
the  desired  frequencies.  An  examination  of  crystals  and 
tuning  forks  showed  that,  because  of  weight  and  rela¬ 
tive  insensitivity  to  mechanical  vibration,  the  use  of 
crystals  would  give  superior  performance.  Crystals  with 
a  resonant  mode  below  10  kc  have  masses  so  large 
that  their  supporting  leads  do  not  stand  up  under 
mechanical  vibration.  Therefore,  a  decision  was  made 
to  ojX'rate  at  a  frequency  of  12.8  kc  and  count  down 
to  the  desired  frequencies.  Crystals  of  this  fre¬ 
quency  were  purchased  from  two  recommended  vendors 
and  were  subjected  to  evaluation  tests  at  environmental 
extremes.  The  results  of  these  tests  showed  that  excellent 
crystals  could  be  purchased  at  this  frequency.  The  fre¬ 
quency  stability  will  be  better  than  the  0.02X  short  term 
and  the  O.IX  long  term  stabilities  required. 

A  study  of  single-transistor  crystal  oscillator  circuits 
showed  that  the  reactive  elements  required  became  ex¬ 
cessively  large  and  heavy.  Therefore,  a  decision  was 
made  to  use  the  circuit  shown  in  Figure  61.  Transistors 
Q1  and  Q3  and  associated  biasing  resistors  form  a  two- 
stage  amplifier.  Positive  feedback  from  the  collector  cir¬ 
cuit  of  Q3  to  thi  .se  of  Q1  is  provided  by  the  crystal. 
The  tank  circuit  attached  to  the  collector  of  Q3  enables 
the  circuit  to  be  tuned  to  the  exact  frequency  desired. 
Q4  and  associated  components  form  a  buffer  amplifier. 
Ql,  Q3  and  Q4  all  operate  Class  A.  Capacitor  C6,  Re¬ 
sistors  R4  and  R9,  Diode  CRl,  and  TransistorQ2  are 
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an  AGC  network  which  insures  this  Class  A  operation. 
Transistors  Q5  and  Q6  form  a  Schmitt  trigger  which 
shapes  the  shie  wave  output  of  Q4  into  a  square  wave 
which  is  the  input  to  the  countdown  stages. 

In  order  to  minimize  the  oscillator  dissipation  and 
provide  an  optimum  design,  a  computer  routine  for  use 
on  the  IBM  7090  has  been  written.  Checkout  and  de¬ 
bugging  of  this  routine  is  902  complete. 

Final  design  and  checkout  has  been  completed  for  the 
countdown  stages.  The  400-cps  three-phase  voltage  re¬ 
quirement  by  inertial  guidance  components  is  derived 
from  the  same  countdown  circuits.  Addition  of  one 
countdown  stage  provides  a  second  400-cps  signal,  00 
degrees  out  of  phase  with  the  first.  The  two  400-cps  sig¬ 
nals  are  used  to  generate  the  three-phase  voltages. 

Preliminary  circuit  development  of  the  other  pro¬ 
grammer  circuits  is  being  carried  out,  and  a  preliminary 
circuit  release  will  be  made  on  or  about  December  IS, 
1061. 

Breadboards.  Three  breadboards  are  currently  being 
designed  and  constructed  for  flight  control  subsystem 
evaluation:  (1)  a  400-cps  synchronization  pulse  gener¬ 
ator  which  includes  an  oscillator  and  countdown  cir¬ 


cuitry  to  provide  the  two-phase  400-cps  outputs;  (2)  a 
central  command  decoder  simulator;  (3)  a  complete 
breadboard  of  the  programmer  ( which  includes  the  400- 
cps  synchronization  pulse  generator)  and  a  second  cen¬ 
tral  command  decoder  simulator. 


Figura  62.  Tranamhtar  power  ompllflor  and 
lew  power  multiplier 
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Figure  61.  Flight  control  e-  Viator 
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7.  Transmitttr 

Integration  of  tlie  second  set  of  development  bread¬ 
boards  has  been  complett'd  and  temperature  tests  are 
now  being  made.  Construction  of  tlie  third  breadboard 
model  lias  begun  in  cooperation  with  the  prcKluct  en¬ 
gineer.  The  transmitter  power  amplifier  and  low-power 
multiplier,  shown  in  Figure  62,  is  in  the  intended  pro¬ 
duction  configuration.  Tests  ptM-formed  on  it  will  re¬ 
veal  if  any  spurious  effects  can  be  e.\pected  as  a  result 
of  the  productized  packaging. 

a.  Exciter.  A  block  diagram  of  the  transmitter  exciter 
circuit  is  shown  in  Figure  63.  Changes  in  this  blcK-k  dia¬ 
gram  since  the  last  report  has  e  occurred  during  develop¬ 
ment  of  the  second  exciter  breadboard.  The  voltage 
controlled  crystal  oscillator  (VCXO)  signal  now  is  fed 
through  the  phase  modulator  so  that  phase  modulation 
can  be  used  with  the  VCXO  as  a  signal  source.  Resistive 
summing  points  are  used  wherevi-r  two  RF  signal  sources 
join.  Tliis  is  necessary  to  achies'e  isolation  from  one  sig¬ 
nal  source  to  the  other.  Since  only  one  RF  source  will 
be  on  at  any  gi\-en  time,  mixing  does  not  occur  at  the 
RF  summing  points.  Amplifiers  base  been  addcnl  to  re¬ 
store  the  output  power  level  to  10  milliwatts  to  drive 
the  transistor  power  amplifier. 

Initial  temperaturi*  tests  ha\'e  shown  excessive  fre¬ 
quency  drift  of  the  N’CX)  and  the  \’('X()  ovi-r  the  ojH'r- 


ating  temperature  range.  These  circuits  are  being 
redesigned  to  achieve  the  required  fre(}uency  stability. 

h.  Transiator  power  amplifier.  The  transistor  power 
amplifier  in  the  si'cond  breadboard  model  consists  of 
two  stages  using  2N707A  transistors  and  an  output  stage 
using  a  TA2084  transistor.  Each  stage  operates  Class  C 
with  the  first  stage  saturated  for  power  limiting. 

c.  Tratumitter  multiplier  chain  (lumped  parameter). 
A  varactor  freipiency  (piadrupler  was  built  but  never 
completely  optimized.  The  circuit  appeared  quite  critical 
and  difficult  to  time,  Two  push-pull  varactor  doublers 
are  being  used  to  achieve  higher  efficiency  and  better 
filtering  than  the  (piadrupler  could  produce.  Alignment 
rt'ipiirements  of  the  doublers  have  been  reduced  to  one 
tuning  capacitor  per  doubler. 

(i.  Final  development  breadboards.  Component  layout 
for  th(“  final  development  breadboard  model  will  be  the 
same  as  the  initial  product  version.  This  is  being  done 
to  ensure  satisfactory  circuit  operation  in  its  final  con¬ 
figuration.  Fabrication  of  the  final  development  bread- 
Ixiard  modi‘1  has  lH‘gun  under  the  joint  direction  of  the 
development  engineer  and  the  prixluct  engineer. 

e.  X6  multiplier.  Amplitude  variation  of  power  from 
the  X3,  X2  fre(]uency  multipliers  was  measured  in  a 
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Figure  63.  Transmitter  exciter 
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tomporaturo  rangi*  from  0  to  125' ’F.  The  resultant 
curve,  which  varied  0.25  and  1.0  dh  from  a 
nominal  value  at  70* F,  is  shown  in  Figure  64. 
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The  entire  chain  was  again  joined  after  redesign  of 
the  lower  stages  and  the  spurious  lines  previously  seen 
at  96  and  192  me  from  the  central  fr«‘quency  were 
found  to  be  suppressed  .30  and  37  dh  below 
the  desired  frequency.  This  suppression  is  sufficient  for 
proper  operation  of  the  transmitter  and  receiver  in  all 
inodes. 

The  transmitter  solid-state  chain  is  recpiired  to  func¬ 
tion  into  each  of  several  different  types  of  loads.  Although 


each  load  has  an  impedance  close  to  50  ohms  at  the 
transmitter  frequency,  the  impedance  curves  across  the 
spectrum  have  entirely  dissimilar  characteristics.  A  res¬ 
onant  line  is  now  being  added  to  the  output  doubler  so 
that  the  diode  sees  the  different  loads  through  a  narrow 
passband.  In  this  way  the  loads  will  appear  to  be  uniform. 

f.  TWT  amplifier.  The  first  few  10-watt  tubes  showed 
a  degeneration  with  age.  This  has  been  traced  to  a  de¬ 
terioration  of  the  attenuating  material,  which  is  sprayed 
on  the  helix  supporting  rods.  The  condition  was  cor¬ 
rected  by  using  a  pyrolytically  deposited  film  of  alumina. 
The  tube  is  emitting  11  to  12  watts  with  20*  efficiency 
with  no  sign  of  change  such  as  that  observed  in  the 
previous  tubes. 

6.  Command  Rocoivor-Transpondor 
IntoreonnocHoni 

The  command  receiver  is  a  double  conversion  FM 
receiver.  It  must  operate  continuously  throughout  the 
life  of  the  spacecraft.  Reliability  and  power  efficiency 
are  the  important  factors  in  the  design  of  the  receiver 
since  available  power  is  severely  limited. 

The  receiver  also  is  able  to  operate  in  a  phase-locked 
mode  by  energizing  the  transponder  interconnection  cir¬ 
cuit.  The  reason  for  not  operating  as  a  phase-tracking 
receiver  all  the  time  is  that  the  phase-locked  mode  re- 
(piires  significantly  more  power  than  the  frequency 
tracking  mode.  Basically,  the  receiver  has  not  changed 


0 


6 

iSv 
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much  from  that  described  in  the  previous  progress  re¬ 
port  (SPS  37-12)  and  the  block  diagram  remains  valid. 

a.  Breadboard  receiver-traruponder  interconnection 
system.  Integration  of  the  receiver-transponder  intercon¬ 
nection  system  has  been  completed.  All  of  the  receiver 
and  transponder  interconnection  circuits  are  otH'rating 
satisfactorily  and  quantitative  tests  of  the  receiver  per¬ 
formance  are  in  progress.  Spurious  responses  and  inter¬ 
fering  signals  have  been  retluced  to  a  tolerable  level.  All 
interfering  signals  are  d<»wn  to  at  least  —  140  dhm.  The 
interfering  signal  that  caused  the  most  trouble  was  the 
fifth  harmtmic  of  the  fretpiency  divider  output  signal 
which  reflected  back  through  the  divider  and  caused 
modidation  of  the  voltage-controlled  oscillator.  Tlie 
interfering  signals  were  reducetl  to  a  tolerable  level  by 
adding  power  supply  decoupling,  circuit  isolation,  and 
RF  shielding. 

b.  Local  oscillator.  The  second  version  of  the  local 
oscillator  discussed  in  detail  in  Reference  1  has  been  in¬ 
corporated  into  the  rec-eiver  breadboard  system.  ()p<‘ra- 
tion  of  this  local  oscillator  with  the  rest  of  the  recruver 
was  satisfactory.  Tlie  output  power  is  1.5  milliwatts 
and  all  undesirixl  sidebands  were  down  by  at  least  3(1 
db  from  the  centerline. 


Figurs  66.  Subcarricr  ditcriminatar  output 
choractorictio 


c.  2.3-kilocycle  subcarrier  discriminator.  A  different 
subcarrier  discriminator  from  that  shown  ii?the  previous 
report  has  been  incorporated  into  the  rec«‘iver  bread¬ 
board  s>'stem.  A  schematic  diagram  of  tlu’  subcarrier 
discriminator  is  shown  in  Figtire  65.  The  discriminator 
consists  of  a  tun«‘d  amplifier  stage,  two  tuned  detectors, 
summing  network,  and  an  output  filter.  One  of  the  tiined 
detectors  is  a  positive  peak  detector  and  is  tuned  above- 
the  center  freejiiency,  and  the  other  is  a  negative  ps-ak 
detector  and  is  tune-d  below  the  ce-nter  freepiency.  Tin- 
detector  output  signals  are  added  together  and  filtertxl 
in  the  summing  network.  The  se-ries  resonant  circuit  at 
the  output  rejects  the  2..3-ki’  subcarrier  signal. 
Figure  66  shows  the  output  characteristics  of  the  sub¬ 
carrier  discriminator  circuit. 

f/.  IF  input  stage.  The  47-uic  in|)ut  stage  has  been 
redesigned  to  improve  the  noise  figure.  sclM-malic 
of  the  input  stage  is  shown  in  Figure  67.  A  noi.se  figure 
of  4  db  was  measured  with  this  amplifier  as  com¬ 
pared  with  the  8.5-dh  noise  figure  of  tin-  |iri'vion.s  inimt 
stage. 

e.  Breadboard  construction.  A  different  type  of  bread¬ 
board  construction  was  used  for  the  second  receiver 
breadboard.  This  type  construction  was  used  in  order  to 


rnaki"  the  breadboard  more  c-ompatible  with  the  final 
packaged  v»*rsion.  Also,  this  type  of  construction  will 
provide  much  better  RF  shielding.  The  second  receiver 
breadboard  is  shown  in  Figure  68.  All  of  the  RF  circuitry 
is  contained  on  the  six  “T'  chassis.  The  subcarrier  and 
electrical  conversion  unit  will  be  constructed  on  a 
printed  circuit  which  will  be  inserted  into  one  end  of 
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the  receiver  package.  Tlie  X6  cavity  and  HF  mixer  will 
be  located  at  the  other  end  of  the  reci'iver  box. 

f.  X6  multiplier.  A  X6  cavity  multiplier  was  subjected 
to  a  temperature  variation  from  0  to  12.'5  ’F  and  the 
measured  power  output  for  a  constant  input  is  shown 
in  Figure  69. 


Figwr*  69.  Second  rocoivor  broodboord 


0  30  60  90  120  150 

TfMPCRATURE.  •F 

Figure  69.  X6  cavity  multiplier 


Vibration  tests  on  one  model  indicated  a  possible 
phase  shift  problem.  Additional  models  will  be  tested 
to  discover  if  the  problem  is  inherent  in  the  cavity  or 
associated  with  the  fabrication  method. 

g.  Mixer.  A  lightweight  mixer  has  been  purchased 
from  SAGE  and  initial  noi.se  figure  measurements  indi¬ 
cate  that  the  noise  figure  is  at  the  specificKl  value;  that 
is,  h-ss  than  7,0  db  if  operated  with  a  1.5()-db  IF  strip. 


9.  RP  Switch 

A  latching  transfer  switch  has  been  developed  by 
Transco.  After  one  million  operations  the  switch  was 
disassembled  and  there  was  no  evidence  of  wear.  A  dc 
latching  switi-h  has  been  tested  at  229.5  me  and 
found  to  function  with  minor  impedance  matching.  The 
switch,  which  weighs  0.6  ounce,  has  an  inherent  loss  of 


?0  21  22  23  2<» 


FREQUENCY,  kmc 

Figure  70.  Electrical  characteritticc  of  diplexer 
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0.4  db.  The  munufactiirer  i.s  being  eontueted  to  see 
if  a  different  potting  material  and  simple  shielding  could 
be  incorporated  to  diminish  the  loss. 

10.  Diplwr 

The  RANTEC  diplexer  procured  for  engineering  eval¬ 
uation  was  delivered  on  schedule  and  the  measured 
electrical  characteristics,  shown  in  Figure  70.  surpassed 
the  purchase  order  requirements  described  in  Reference 
1.  The  weight  was  10  ounces  instead  of  the  13  ounces 
originally  estimated.  No  phase  shift  was  discernible 
when  the  diplexer  was  subjected  to  sinusoidal  vibration 
from  0  to  2000  cps  witli  an  8.5  1  g  (peak  to  (H'ak).  Th«“ 

limitation  of  the  measurement  device  was  0.25  degree. 

11.  Ttfcvfsfen 

a.  Sweep  ayttchronization  and  blanking  circuitt,  tem¬ 
perature  teeting.  A  series  of  temperature  tests  were  made 
on  the  normal  mode  circuits.  Performance  was  well  in¬ 
side  specification  limits  on  most  circuits  over  the  tem- 
pcTature  range  of  20  to  160  F.  Outputs  remain¬ 
ing  within  limits  were  as  follows; 

Horizontal  frequency. 

Horizontal  amplitude. 

Horizontal  camera  blanking  pulse  width. 

Horizontal  system  blanking  pulse  width. 

Vertical  frequency. 

Vertical  blanking  pulse  width. 

All  blanking  and  synchronization  pulse  amplitudes  re¬ 
main  well  within  it  5%. 

The  anomalies  observed  were  small.  Vertical  sweep 
yoke  current  exceeded  specification  limits  at  -f-180*F 
by  1.7%  and  horizontal  synchronization  pulse  width  ex¬ 
ceeded  specification  limits  by  1.2%  at  —  20*  F.  Mil-Spec 
Characteristics  B  ( ±250  ppm/*C)  resistors  were  used  in 
constructing  the  breadboard  circuitry,  but  Characteristic 
C  (±25  ppm/*C)  resistors  are  being  specified  for  all 
critical  applications  in  tbe  prototype  models.  It  is  ex¬ 
pected  that  this  change  will  eliminate  the  minor  difficul¬ 
ties  noted.  Further  temperature  testing  will  be  done  when 
these  components  are  available. 


the  signal  processor  which  allows  several  frame  identifi¬ 
cation  groups  to  be  transr..itted  at  the  end  of  video 
transmission.  Frame  identification  had  previously  been 
transmitted  continuously  during  absence  of  picture 
video,  thus  taking  full  advantage  of  the  continuous 
transmitter  “on”  condition.  Finally,  a  “shutter  reset”  pulse 
was  provided  which  adds  very  little  complexity  to  the 
video  logic  but  greatly  reduces  the  complexity  of  the 
shutter  control  circuit.  The  video  logic  block  diagram 
and  timing  sequence  are  shown  in  Figure  71  and  the 
schematic  is  shown  in  Figure  72. 

c.  Lena  control  circuita.  Figure  73  presents  the  latest 
block  diagram  for  the  lens  control  circuits,  excluding 
iris  control.  The  system  features  a  central  control  logic 
of  the  type  described  in  the  previous  report.  Use  of  one 
central  logic  circuit  for  focus,  focal  length,  and  filter 
position  control  rather  than  individual  circuits  provides 
a  saving  of  at  least  12  transistors.  The  system  shown  has 
been  breadboarded  and  is  presently  being  tested. 
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b.  Video  logic  circuit.  The  video  logic  circuitry  lias 
been  modified  to  provide  several  new  outputs.  A  **trans- 
mitter  off”  output  has  been  added  which  will  turn  off 
the  high-power  transmitter  at  the  conclusion  of  each 
bimdl(‘  of  TV  data,  thus  providing  a  power  saving.  A 
“frame  identification  enable”  gah*  is  also  providt'd  to 


FRAME  IDENTIFICATION 
ENABLE  AND  SHUTTER 
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TRANSMITTER  OFF  SIGNAL  — 

time  — W 


Figur*  71.  Vidao  logic  block  and  timing  soquonco 
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d,  Sfcuft«r  control  logic  and  dricar.  The  shutter  con¬ 
trol  logic  and  driver  circuit  has  been  developed  as  shown 
in  Figu  re  74.  A  photograph  of  the  breadboard 
is  illustrated  in  Figure  75.  The  circuitry  (Fig 
76)  consists  of  four  power  switches  (drivers), 
a  monostable  multivibrator  to  provide  shutter  timing, 
a  bistable  multivibrator,  and  inhibit  gates. 

The  shutter  trigger  signal,  a  200-millisecond-wide 
pulse  from  the  video  logic  circuit  is  gated  and  fed  to 
the  No.  3  driver  and  the  shutter  timing  circuit.  The  out¬ 
put  of  the  timing  circuit  simultaneously  energizes  the 
No.  4  driver  and  inhibits  the  No.  3  driver  for  a  duration 
of  150  milliseconds.  No.  4  driver  opens  the  shutter.  At 
the  end  of  this  ISO-miUisecond  period,  driver  No.  4  is 
de-energized  and  the  inhibition  signal  is  removed  from 
driver  No.  3,  allowing  it  to  close  the  shutter. 

The  shutter  mechanism  must  be  reset  before  another 
signal  s  applied  to  the  timing  circuit.  The  reset  signal, 
which  is  the  second  vertical  blanking  signal,  is  applied 
to  the  No.  2  driver  circuit  to  reset  the  shutter  blades  and 
complete  the  shutter  cycle. 


A  second  mode  of  operation,  known  as  the  time  ex¬ 
posure  mode,  may  also  be  used.  In  this  mode  of  opera¬ 
tion,  the  shutter  can  be  commanded  to  remain  in  the 
open  position.  Time  exposure  on/oflf  commands  select 
the  state  of  a  bistable  multivibrator.  In  the  open  shutter 
state,  the  bistable  multivibrator  inhibits  the  shutter  trig¬ 
ger  signal  at  gates  No.  1  and  2.  Shutter  trigger  signals 
pass  through  the  "and”  gates  and  energize  drivers  No.  1 
and  4  to  open  the  shutter.  Between  shutter  triggers  the 
shutter  is  latched.  Normal  operation  returns  when  the 
bistable  multivibrator  is  returned  to  the  "off”  state. 

e.  Vidicon  thermal  control  The  vidicon  thermal  con¬ 
trol  circuit  is  designed  to  control  the  temperature  of  the 
faceplate  of  the  television  vidicon  tube  to  30  ±5°C 
over  the  ambient  case  temperature  range  of  —20  to 
125'’ F.  Because  of  possible  picture  anomalies  intro¬ 
duced  by  the  control  system,  heating  or  cooling  power 
will  be  applied  only  during  a  I.4-second  period  following 
picture  readout  during  each  picture  frame.  However, 
during  the  initial  cooling  process,  the  regulator  will  op¬ 
erate  continuously. 
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Pigwrw  73.  Lwnt  control  circuit 
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The  present  system  is  illustrated  in  the  block  diagram 
of  Figure  77.  Upon  receipt  of  a  "start  vidicon  thermal 
control"  command,  input  power  is  applied  to  the  control 
circuitry  through  a  switch.  This  causes  the  regulator  to 
start  functioning.  A  planar-type  diode  is  being  employed 
as  a  temperature  sensor.  This  device  has  a  repeatable 
and  consistent  change  of  forward  voltage-temperature 
characteristic  of  —1.8  millivolt/*C. 

The  output  of  the  temperature  sensor  is  amplified  by 
the  differential  amplifier.  The  heating  and  cooling  sens¬ 
ing  circuits  are  threshold  detectors  which  are  biased  to 
allow  a  dead  zone  between  the  active  heating  and  cool¬ 
ing  temperature  regions.  A  temperature  rise  causes  turn¬ 
on  of  the  electrical  conversion  unit  (ECU)  which  is  a 
simple  transformer  coupled  dc  to  dc  converter  which 
supplies  current  at  4  volts  dc  to  the  Peltier  cxioler. 
The  Peltier  cfK)ler  transfers  heat  from  a  collar  around  the 
vidicon  tube  to  the  case  of  the  TV  camera,  thereby  cool¬ 
ing  the  vidijon  faceplate. 

A  temperature  drop  turns  on  heater  power.  The  heater 
circuitry  is  cross-coupled  to  the  ECU-off  gate  to  ensure 
that  the  cooler  is  turned  off  whenever  the  heater  is  on. 


FIgimJS.  tlwiHar  control  hwdbanrd 

An  inhibit  gate  turns  off  the  heating  and  cooling  during 
the  video  transmission  period  and  during  the  second 
erase  or  vidicon  priming  peH  J  to  prevent  possible  inter¬ 
ference  with  the  television  picture  quality. 

A  breadboard  model  of  the  vidicon  thermal  control 
including  Peltier  device  and  excepting  the  inhibit  cir¬ 
cuitry  has  been  built  and  preliminary  tests  have  been 
made.  The  breadboards  are  shown  in  Figure  78. 

Present  efforts  are  being  directed  toward  optimization 
of  the  servo  loop  circuitry.  The  inhibit  gating  circuitry 
is  being  built,  and  upon  completion  of  the  breadboard, 
tests  will  be  conducted  to  determine  the  feasibility  of 
mounting  the  sensing  J.iode  directly  on  the  vidicon  face 
plate. 

12.  Podcagfng  Conevpf 

a.  Unit  inttaliathn.  The  units  in  Compartments  A,  B, 
and  C  will  be  bolted  to  a  mounting  plate  within  the 
compartments.  Unit  connectors  will  be  accessible  for 
harness  connector  attachment  when  the  units  are  mount¬ 
ed  in  the  compartment.  Standardization  of  connectors, 
chassis,  and  other  parts  of  units  will  exist  where  possible. 
The  units  will  consist  basically  of  a  supporting  frame¬ 
work,  chassis,  amnectors,  and  special  components  no. 
suitable  for  chassis  mounting.  The  units  will  not  have 
covers  except  where  shielding  is  required. 

The  flight  control  electronic  unit  will  be  attached  to 
a  T-section  frame  which  is  part  of  the  spacecraft  struc¬ 
ture.  Tl)c  front  surface  of  the  unit  is  a  thermal  radiator; 
heat  generated  within  the  unit  is  radiated  from  this 
surface.  The  other  sides  of  the  unit  will  be  covered  with 
a  low-omissivity  material  to  thermally  isolate  the  flight 
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Hgur*  76.  Shutter  control  and  driver  circuit  Bchemotic 


control  electronic  unit  from  other  parts  of  the  spacecraft. 
The  chassis  within  the  unit  will  be  attached  to  the  unit 
frame  and  to  the  radiator. 

The  altitude  marking  radar  is  mounted  on  the  exhaust 
end  of  the  retrorocket  nozzle.  It  consists  of  radar  elec¬ 
tronics  rigidly  mounted  to  a  15-inch-diameter  platform 
which  is  the  rear  surface  of  a  30-inch-diametcr  antenna 
dish. 

b.  ChoMtii  comtruction.  Surveyor  chassis  are  similar 
to  those  used  in  Hughes  Aircraft  Company  missile  re¬ 
ceiver  units.  Typical  chassis  construction  is  shown  in 
Figure  79.  Tlic  modules  mounted  on  chassis  will  Ih> 
considered  as  individual  componemts  on  the  chassis,  that 


is,  removable  and  disposable  in  case  of  failure.  Compo¬ 
nents  are  generally  bonded  to  the  plate  and  board  sides. 

The  foam-sandwich-type  chassis  consists  of  a  thin 
aluminum  plate  and  a  0.032-inch  epoxy  glass  etched- 
circuit  board  bonded  to  either  side  of  a  0.1-  to  0.125-inch 
sheet  of  polyurethane  or  epoxy  foam.  Tlie  chassis  will 
be  assembled  by  installing  the  board  side  components, 
bonding  this  board  assembly  and  the  chassis  plate  to 
either  side  of  the  sheet  foam,  and  finally  installing  the 
plate  side  components. 

The  foam-sandwich  type  of  construction  using  foam 
with  a  weight  of  8  Ib/ft"  and  a  plate  thickness  of  0.030 
inch  will  weigh  approximately  0.0065  lb/in“.  In  many 
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22  V 


Fifur*  77.  Vidicon  thermal  control 


cases  the  thermal  requirements  permit  the  plate  thick¬ 
ness  to  be  reduced  to  0.010  inch  with  the  foam  construc¬ 
tion,  yielding  a  weight  of  0.0045  Ib/in’.  There  will  be 
no  restrictions  to  component  layout  due  to  stiffeners  and 
board-to-plate  ties.  Fabrication  and  assembly  time  re¬ 
quired  to  produce  a  complete  chassis  should  be  minimal. 

The  heat  transfer  path  within  the  chassis  is  from  com¬ 
ponents  to  the  aluminum  chassis  plate.  Plate-side  compo¬ 
nents  are  mounted  directly  on  the  aluminum  plate  and 
good  thermal  tie  is  provided  by  the  component  mounting 
device.  Most  components  will  be  attached  by  epoxy  fil¬ 
lets,  but  provision  wr'l  exist  for  clips,  brackets,  studs,  and 
bolts  for  components  requiring  special  mounting.  Most 
components  dissipating  a  significant  amount  of  heat  will 
be  located  on  the  plate  side  of  the  chassis.  Board-side 
components  will  be  attached  with  epoxy  fillets.  Heat 
transfer  between  board  and  plate  will  occur  principally 
through  copper  leads.  Another  path  for  heat  from  board- 
side  components  will  be  by  radiation  between  a  chassis 


board  and  the  plate  of  an  adjacent  chassis.  The  degree 
of  thermal  conductance  required  between  the  chassis 
plate  and  the  mounting  surface  depends  on  the  dissi¬ 
pation.  Aluminum  extrusion  angle  brackets  may  be  used 
to  provide  heat  paths  between  chassis  and  the  heat  sink. 
In  Compartments  A,  B,  and  C  the  heat  sink  is  the  com¬ 
partment  surface  to  wnich  units  are  mounted. 

The  same  etched-board  fabrication  techniques  will  be 
used  that  have  worked  so  successfully  on  Falcon  missile 
chassis.  The  fabrication  of  chassis  plates  will  be  simplified 
considerably  over  missile  chassis  plates  by  the  elimina¬ 
tion  of  stiffeners  and  elips. 

c.  Module  construction.  Components  are  intercon¬ 
nected  within  modules  by  soldering  the  leads  to  circuit 
lines  on  0.032  inch  thick,  epoxy-glass  circuit  boards  con¬ 
taining  circuitry  on  oi.e  side  only.  The  modules  have  a 
height  limitation  of  0.5  inch,  with  lateral  dimensions 
between  1.0  and  1.5  inches.  The  height  is  governed  by 
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b.  CONTROL  CIRCUITS 


Figure  78.  Vidicon  thermal 
control  breadboard* 
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poiu’iils.  i.c.,  uliixs  jai'ki't  (liodrx  and  metal  (ilin  resistors. 
Tlie  module  iieiylit  is  made  up  as  lollows: 
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Figure  79.  Typical  chat*i(  and  module 
cross  section 


Other  eomimnents  are  oriented  as  shown  in  Figures  80 
and  M;  e.i;.,  transistors  witli  leads  exitin;;  from  one  side 
aiul  lonn  components  are  inonnti'd  parallel  to  the  etehed- 
eirenit  hoards.  To  minimi/e  the  xveinht  of  the  module  a 
"tree/e  coat  ”  resin  apiilieation  or  a  foam  eneapsnlant  xvill 
he  iitili/ed.  The  "free/e  coat”  consists  of  thin  webs  (rather 
than  a  soliil  ema])snlant )  of  resin  between  components 
to  inox  ide  the  lu'cessary  meehanieal  support. 

I. calls  exit  the  modules  in  groups,  in  a  close-spaced 
pattern.  The  jironpinn  of  leails  will  ininimi/.e  the  number 
ol  si/e  of  intonts  in  the  metal  jdate  and  also  yield  the 
minimum  restriction  on  hoard-side-mounted  components, 
tiouipouents  will  not  be  mounteil  oxer  iiukIuIc  leads  to 
maintain  .ueess  to  the  leads  for  module  remoxal. 

'I  he  module  leads  are  soldered  into  plated-throujih 
holes  in  the  chassis  master  etched-circuit  board.  A  “solder- 
suelsiui;"  procedure  has  u  dexelopeil  for  readily  un- 
solderiun  indixidual  module  leads.  .Xn  alternate  procedure 
emploxs  draw  inv;  of  the  solder  out  of  Ihe  joint  by  capil¬ 
lary  action  onto  a  heater  flux  braid.  The  modules  are 
tastened  to  Ihe  ])lali'  by  resin  bondini',  jiossibly  usinn  a 
l.ipe.  Most  chassis  will  contain  both  modules  and  indi- 
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vidual  compononts.  In  ureas  siicli  as  eominand  d(‘codm); 
where  practically  all  chassis  components  will  he  modules 
there  will  probably  not  be  any  board-mounted  compo¬ 
nents.  The  numerous  restrictions  imposed  by  module 
removal  make  the  use  of  the  board  sidi'  rather  intdficient 
in  such  cases. 


Figure  80.  Component  orientotion,  top  view 


Figure  81.  Component  orientation,  side  view 


d.  Circuit  grouping  and  arrangement.  Where  pussil)le 
all  components  within  a  ^is'en  unit  will  be  groupt-tl  ac¬ 
cording  to  function.  Similar  I'irciiits  and/or  entire  func¬ 
tions  will  be  placj'd  on  a  common  chassis  or  module. 
Redundant  circuits,  such  as  in  the  cpmmand  decoding 
function,  will  be  used  in  several  tliiferent  units  or  control 
items.  The  use  of  identical  modules  throughout  the  space¬ 
craft  system  greatly  facilitates  the  drafting  and  fabri<-a- 
tion  effort. 


The  type  of  packaging  to  br?  employed  is  also  dictated 
by  the  type  of  circuits  involved.  In  the  case  of  flight 
control  servos,  it  is  anticipated  that  a  large  number  of 
large  components  will  be  required,  thus  requiring  the 
components  to  be  individually  mounted  on  chassis  with 
only  a  small  percentage  of  circuits  pr^rmitting  modular 
type  of  construction.  On  the  other  extreme,  signal  pro¬ 
gramming  and  decixling  functions  permit  the  use  of  small 
components  wheri  in  the  majority  of  the  functions  will 
be  packaged  in  modular  construction. 

C'omponent  layout  is  also  dictatcxl  by  the  nature  of 
the  circuit.  Flight  control  circuits  as  well  as  most  of  the 
dec(Kling  circuits,  for  instance,  do  not  require  a  great 
deal  of  shielding.  Therefore  “open”  chassis  or  modular 
construction  can  be  employed.  On  tbe  other  extreme, 
hoss’ever,  are  such  units  as  the  command  receiver  and 
transponder  and  the  transmitter.  For  these  units,  shielded 
cha.s.sis  t>pe  of  construction  will  be  employed. 

As  previously  stated,  it  is  believed  that  in  most  cases 
the  modular  type*  of  construction  will  not  require  shield¬ 
ing.  In  those*  cases  where  shielding  is  reejuired,  a  shield 
“c»)ating”  will  be  applied  to  the  external  surface  of  the 
module. 

e.  RF  packaging  concept.  The  concept  for  packaging 
the  lumpetl  constant  RF  circuits  has  been  established.  A 
10-mil  aluminum  T-bar  will  be  used,  similar  to  that  em¬ 
ployed  in  JPL  designs.  RF  circuits  occupying  one  side  of 
the  T  will  b«*  decoupled  with  feedthrough  filters  from  the 
dc  circuits  occupying  the  other  side  of  the  T  which  in 
turn  will  be  d«*coupled  from  the  dc  input  leads.  Tlie  T-bar 
will  be  cnclost‘d  by  a  10-mil  aluminum  housing;  the  en¬ 
tire  unu.sed  volume  will  be  filled  with  foam  and  the  base 
of  the  T-bar  soldered  to  the  enclosing  housing.  All  tun¬ 
able  c*omponents  will  be  accessible  through  the  base  of 
the*  T-bar  to  allow  external  tuning.  Dry  micro-balloons 
called  “Eccospheres,”  which  have  the  same  dielectric 
constant  as  the  ix)Iyurethane  foam,  will  be  used  to  test 
the  effc’ct  of  foaming  on  the  prototype  units  while  main¬ 
taining  the  ability  to  change  c'omponents.  This  packaging 
concept  is  beliesc'd  to  satisfy  the  recjuirements  of  mini¬ 
mum  weight  whik*  still  meeting  all  spacecraft  functional 
and  environmental  recjuirements.  RF  circuits  using  these 
packaging  c'oncepts  has'c  bc'cn  employed  in  other  Hughes 
,\iriTaft  ('ompany  programs. 

f.  Environmental  design.  The  cejuipment  is  designed 
to  meet  levels  of  shock  and  vibration  which  are  based  on 
Type*  .\pprosal  Tc*st  r(*(iuiremc*nt.s.  Lc'vels  are  specified 
bir  I'hassis  and  i'omiM)n(*nts  as  well  as  for  control  items 
•SO  that  tilt*  ability  to  m(*i*t  Tyin*  .Approval  Test  rctpiire- 
nu*nts  may  be  (*stablis>  ’  for  subas.scmblics  prior  to 
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testing  till'  ontiiv  control  item.  The  e.stiinates  ai«‘  1»as«-c! 
on  inputs  to  the  rocket  engine;  certain  transfer  character- 
Lstics  were  assmm'd  for  tlie  spaceframe  strnctnr«‘  and  the 
unit  strtictnre.  Tlie  cilrration  h-vels  for  asseinhiies  siicli 
us  tliose  on  the  rear  of  the  altitude  marking  radar  dish, 
traveling-wave  tubes,  vidicon  tubes,  etc.  mu.st  be-  dc'ter- 
mined  on  an  individual  basis. 

g.  Component  selection.  Issue  II  of  th<‘  “Pr«-ferrc<l 
Parts  List  for  .Si/rcciyor”  handbook  has  been  issued  by  lh<‘ 
('omponents  and  Materials  Laboratory.  The  handbook 
lias  been  reviewed  by  Product  Kngineering.  Kvahiation 
reipiests  are  being  issued  for  special  parts,  such  as  chop¬ 
per  amplifiers,  and  those  t\pes  of  semiconductors  which 
were  not  included  in  the  handbook. 

h.  Test  profirams.  \  number  of  thermal,  vibration,  de¬ 
flection,  and  other  structural  tests  will  be  jrerformed  on 
the  foam-sandwich  chassis.  Several  s  ihration  tests  liave 
been  performed  on  prototype  altitude  marking  antenna 
dishes.  The  dish  d<‘sign  has  been  modified  as  a  rt'sidt  of 
these  tests  to  arrive  at  a  minimum  weight  design  with 
satisfactorv'  structural  re<iuir<‘meuts.  Developmental 
structural  t<“sts  will  be  perlormed  oil  a  [irototype  flight 
control  unit  and  a  prototype  altitude  marking  radar. 

Thermal  tests  will  be  conducted  on  ihassis  and  other 
parts  of  units  to  obtain  accurate  thermal  resistance  values 
for  use  in  computer  studies,  (.'oniputer  stiuiies  are  Iming 
utilized  to  prt'dict  compoiu'iit,  chassis,  and  unit  tem|)era- 
turcs  and  to  cvaluati'  the  adeipiacy  of  thermal  ilesign. 

I.  General  project  status. 

(1)  Outline  and  mounting  drawings:  Outline  aiul 
mounting  skeUhes  have  been  issued  for  all  control 
items  other  than  those  located  in  Compartment  C 
which  are  presently  under  consideration.  Final 
outline  and  mounting  drawings,  including  w<-ight, 
volume,  centcr-of-gravity,  and  connector  typi-  and 
liKation,  will  be  issued  late  in  Di-ci-mbi'r. 

(2)  lireadhoard  status:  1  .odiict  engineers  are  ciwiper- 
ating  with  the  circuit  engineers  in  the  fabrication 
of  final  bri-adboards.  i''inal  breadboards  for  the 
transmitter  and  the  receiver  and  transponder 
lumped  constant  HF  circuits  are  progressing. 
These  breadboards  apjiroach  the  final  priHliu  tizeil 
design  as  much  as  feasible.  " Product i/e<l"  bread¬ 
boards  for  other  control  items  are  slower  in  being 
realized. 

(3)  Draftiufi  status:  Layout  drafting  has  started  on 
the  flight  control  eleetioiiics  unit  and  will  bi-gin  in 


the  immediate  future  on  the  transmitter.  Layout 
drafting  will  begin  on  the  remaining  control  items 
as  the  cirr'uit  designs  firm  up. 

13.  Radars 

a.  Altitude  markinu,  radar.  All  breadboard  units  for  the 
altitude  marking  radar  havi'  been  assembled  into  a  single 
jiackage  and  mounted  on  the  rear  surface  of  the  antenna. 
’Phis  eipiipment  is  sliown  in  Figure  82.  The  components 
shown  include  the  following:  solid-state  local  oscillator. 


Figur*  82.  Altitud*  marking  radar  anfanna,  raar  viaw 


Figure  83.  Altitude  marking  radar  antenna,  front  view 
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upper  left;  IF  amplifier,  center  left;  RF  unit,  crnter  rij»l<t; 
synchronizer  and  vidi’o  processiii)*  circuitry,  lower  left; 
and  solid-state  magnetron  modulator,  lower  right.  All 
elements  of  this  breadboard  are  functioning  and  i|nanti- 
tative  tests  are  being  conducted  in  one  of  the  roofhou.ses. 
Relative  dimensions  of  the  \arious  components  can  be 
obtained  with  respect  to  the  st'ction  of  antenna  shown; 
the  diameter  between  mounting  tabs  is  24  inches.  Figure 
83  shows  the  reverst'  side  of  tht'  comiilete  30-inch  dish 
with  breadboard  feed  attacheil. 

Product  engineering  on  the  breadboard  units  shown 
will  have  considerable  effect  with  respect  to  volume  anti 
weight.  A  revist'd  solid-state  lt)cal  f)scillator  breadboard 
more  nearly  apprt)aching  the  final  circuitry  and  packagt' 
has  been  tonstructed  and  is  in  unit  tt'st.  The  XIP  multi¬ 
plier  is  shown  in  Figure  84.  This  ct)int)t)nent  will  replace 


Figure  84.  Frequency  multiplier 

all  the  wavcguitic  anti  stub  tuner  coiuponcnts  shown  in 
Figure  82  which  connect  the  lumjietl  constant  multijdicr 
section  (in  the  upper  bhtek  bos)  to  tlic  miser  (tlircctly 
at  the  right  of  the  IF  am])Iificr ).  'I'lic  rcmaintler  of  the 
revised  local  oscillator  is  |):ick;igc(l  in  a  sp;ice  slightly 
smaller  th;m  the  upper  ot  tlie  two  boxes  now  iisetl. 

The  IF  :un|)lifier  will  be  paek;iged  ;ip|)n)siniately  as 
shown  in  Figure  So;  includetl  iii  this  package  art'  the 
AfiO  amplifier  ;mtl  vitleo  circuitry.  Other  iiwjor  patk;ig- 
iug  clianges  hetwfen  tlie  present  bre;ulboar(l  anti  final 
unit,  ;isiile  froTii  iuo<lul;u'  i)aekaging  ot  tlie  s\  nehroni/er 


anti  s  itleo  circuitry,  will  be  matle  in  retlucing  ilanges  on 
the  Rl''  components  and  chemical  milling  of  the  feed. 

Performance  anti  eus  ironmental  tests  tin  the  second  set 
of  hre;ulhoartl  units  are  being  ctintiuctcti  on  a  unit  basis 
simultaneously  svith  the  integration  anti  test  of  the  first 
bre;ulbo;utls  as  a  system.  The  results  of  some  of  thc.se 
tests  till  the  Xlti  multiplier  inclutle  the  folltiwing:  the 
spurious  response  thie  to  the  loi/i  aiitl  17//i  harmonics 
.iiitl  other  luu'iiioiiies  ;iie  greater  th;m  24  (lb  below 
the  tlesiretl  Hii/i  harnioiiit'.  Sinee  ;m  .\F(i  is  not  employeil, 
the  oiiK'  restmint  on  harmonies  is  tliie  to  efficiency  or 
interfereiiee.  .\  grajili  ol  the  XUi  niiilti]ilier  output  ]rowt’r 
\eisiis  input  jiowcr  at  '^2  me  is  shown  in  Figure 
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86.  The  minimum  power  output  of  the  lumped  constant 
section  will  be  350  milliwatts  at  582  me.  Noise 
figure  corresponding  to  this  value  was  given  in  the  pre¬ 
vious  report.  The  bandwidth  of  the  X16  multiplier  is 
shown  in  Figure  87.  Nominal  3- db  bandwidth  at 
70°F  is  41  me.  Temperature  tests  were  also  con¬ 
ducted  on  this  multiplier;  Figure  88  shows  the  results  of 
power  output  measurements  versus  temperature.  The 
data  given  are  for  a  constant  input  at  582  me.  The 
bandwidth  increases  to  52  me  and  center  frequency 
decreases  by  approximately  5  me  between  70  and 
-40°F. 


500  400  500  600  tOO  600 


IN^r  P0«tR,  mm  «t 

Figure  84.  Multiplier  output  power  vt  input  power 


A  block  diagram  of  the  altitude  marking  radar  syn¬ 
chronizer  is  given  in  Figure  89.  Tlie  purpose  of  this  cir¬ 
cuitry  is  to  generate  the  basic  350-pps  repetition  rate  of 
the  transmitted  pulse  and  the  precision  delays  for  altitud*; 
marking.  Two  delayed  range  gates  and  one  ACC  gate  are 
generated  by  this  circuitry.  The  delayed  gates  correspond 
to  60  and  61  miles.  A  trigger  to  the  solid-state  magnetron 
modulator  is  also  formed  in  the  synchronizer.  A  samph'd 


TEMPERATURE, 'F 

Figuro  88.  Multiplior  powor  output  vs  tomporoturo 

output  from  the  modulator  triggers  the  delay  generators 
to  account  for  delays  in  pulsing  of  the  magnetron  for  the 
60-mile  range  measurement.  The  1  to  60-mile  ACC  gate 
permits  ACC  control  on  noise  only  for  low-level  detec¬ 
tion.  The  noise  input  to  the  video  processor  integrators  is 
thus  made  independent  of  gain  variation  in  the  IF  ampli¬ 
fier  for  low  signal  levels. 

Measurement  of  the  change  in  delay  of  the  60-mile 
range  gate  versus  temperature  changes  from  a  nominal 
test  temperature  to  expected  temperature  at  lunar  ap¬ 
proach  shows  less  than  a  ±  0.08-mile  change. 

The  video  processor  block  diagram  is  shown  in  Figure 
90.  The  video  output  from  the  IF  amplifier  is  gated  in 
the  video  processor  and  integrated  to  determine  the  pres¬ 
ence  of  signal.  Two  channels  of  integration  are  provided, 
one  each  for  60-  and  61-mile  delays.  If  the  threshold  in 
the  61-mile  channel  is  exceeded,  and  acceptance  gate 
arms  the  firing  circuit  at  the  time  the  lunar  return  will 
be  in  the  60-mile  gate.  This  dual-channel  circuitry  pro¬ 
hibits  firing  on  an  isolated  noise  burst.  Arming  of  the 
firing  circuit  is  also  restrained  by  the  absence  of  an  en¬ 
abling  signal  from  command.  The  radar  is  turned  on 
prior  to  this  signal  to  permit  warmup;  however,  marking 
is  not  possible  until  the  enable  signal  is  received.  Mark¬ 
ing  on  a  second-go-around  of  the  lunar  signal  is  thus  pro¬ 
hibited.  The  reset  generator  resets  the  integrator  outputs 
to  zero  after  a  specified  number  of  pulses  (nominally 
ten).  Temperature  tests  performed  on  the  video  proces¬ 
sor  included  measurement  of  integrator  gain,  reliable 
triggering  of  the  threshold  amplifier  (a  Schmitt  trigger), 
velocity  pri'diction  and  acceptance  generator  delay 
changes,  firing  circuit  trigger  sensitivity,  and  reset  gen¬ 
erator  trigger  sensitivity.  Preliminary  analysis  of  the  data 
indicates  satisfactory  operation  over  the  temperature 
range  expected. 

Altitude  marking  radar  antcntM.  The  AMR  antenna 
produces  a  narrow  pencil  beam  for  the  altitude  marking 
radar.  Low  sidelobes  are  required  to  keep  the  false  alarm 
probability  to  an  acceptable  value,  and  relatively  high 


CONFIDENTIAL 


121 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13. 


gain  is  requiri'd  to  provide  assurance  tliat  the  radar  will 
give  a  firing  signal  to  the  main  retro-rocket  at  the  projUT 
distance  from  the  lunar  surface. 

The  Hughes  Aircraft  Company  designed  feed  men¬ 
tioned  previously  has  produced  first  sidelobes  of  approxi¬ 


mately  .3()  db;  however,  it  has  never  quite  given 
the  (h‘sign  goal  of  30  db  in  both  tbe  E  and  H 
planes.  Several  modifications  of  this  feed  have  been  tried 
with  some  success.  The  sidelobes  have  been  reduced  a 
small  amount  and  tbe  gain  has  increased  to  34.6  db. 


GATE  TO  VIDEO 
PROCESS,  60  m. 


GATE  TO  VIDEO 
PROCESS,  61  mi 


Pigur*  19.  Altitud*  morliing  radar  tynchronitar 
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Figure  90.  Altitude  marking  radar  video  processor 
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Improvements  to  the  primary  pattern  range  have  al¬ 
lowed  a  more  careful  study  of  the  primary  patterns.  The 
H-plane  primary  pattern  shows  evidence  of  shadowing 
on  both  sides  of  the  feed.  Efforts  to  reduce  this  shadow¬ 
ing  are  being  made  by  tapering  the  sharp  comers  of  the 
feed  guide  and  by  construction  of  fairings  to  fit  along  the 
narrow  wall  of  the  waveguide. 

A  modification  of  the  ring  source  feed  was  built  as  a 
backup  To-date,  results  from  this  feed  are  not  as  promis¬ 
ing  as  results  mentioned  above.  Further  modifications  of 
the  ring  source  feed  have  been  received  from  the  shop 
but  have  not  yet  been  tested. 

Two  more  prototype  dishes  have  been  tested.  Both 
produce  patterns  nearly  equivalent  to  the  spun  aluminum 
dish  used  in  the  development  phase. 

b.  Radar  altimeter  and  doppler  velocity  tentore.  The 
radar  altimeter  and  doppler  velocity  sensor  consists  of 
four  major  units.  The  klystron  power  supply  modulator 
( KPSM )  includes  the  altimeter  and  doppler  sensor  klys¬ 
tron  transmitter  tubes  and  the  high-voltage  power  sup¬ 
ply  for  both  klystrons.  Two  antennas  are  re<|uired  to  trans¬ 
mit  and  receive  the  four  beams.  Filter  networks,  isolators, 
microwave  detectors  and  preamplifiers  arc  mountt*d  on 
the  antennas  as  an  integral  unit. 

The  fourth  unit,  a  signal  data  converter  (SDC)  in¬ 
cludes  the  signal  search  and  tracking  functions,  the  arith¬ 
metic  sections,  fre<picncy  to  dc  converters,  programming 
circuitry,  range-marking  functions,  and  the  low-voltage 
power  supply. 

Tlte  state  of  development  of  these  units  has  reached  the 
breadboard  evaluation  and  testing  stage.  The  converter 
circuits  have  been  completed  except  for  the  dc  amplifier 
output  stages  which  are  still  undergoing  temperatures 
stability  and  drift  tests.  All  portions  of  the  tracker  loops 
have  been  completed,  but  the  voltage  c<mtrol  oscillator, 
quadrature  generator,  and  single  sideband  mixer  ( SSBM ) 
remain  to  be  completely  evaluated.  In  order  for  the 
SSBM  to  function  properly  over  the  wide  range  of  input 
signal  levels,  additional  amplifier  stages  were  recently 
added  following  the  preamplifier.  These  amplifiers  will 
be  gated  out  in  two  steps  as  signal  level  increases. 

Both  low-  and  high-voltage  power  supplies  have  be«*n 
designed  and  tests  are  currently  being  made  on  .samples 
of  the  special  transformers.  Tlie  arithmetic  circuits  which 
generate  dc  signals  proportional  to  the  velwity  csrmix)- 
nents  along  the  spacecraft  axis  are  completed.  Work  is 
continuing  on  the  programming,  marking,  and  output 
stages.  Physical  outline  and  dimensions  have  been  estab¬ 


lished  as  well  as  spacecraft  mounting.  Antennas  for  the 
developmental  model  are  being  fab  cated. 

A  block  diagram  of  the  radar  altimeter  and  the  doppler 
velocity  sensor  (RADVS)  is  shown  in  Figure  91.  A  func¬ 
tional  description  of  the  major  unit  is  given  in  the  follow¬ 
ing  discussion. 

Roilar  altimeter.  The  receiver-transmitter  operates  at 
an  undeviated  carrier  frequency  of  12,900  me 
with  a  400-milliwatt  continuous-wave  power  output.  The 
transmitter  output  is  frequency-modulated  with  low  de¬ 
viation  at  altitudes  of  lUOO  feet  and  above,  and  high 
deviation  at  altitudes  below  1000  feet.  The  frequency 
modulation  consists  of  a, negative  linear  sweep  of  5  milli¬ 
seconds.  The  FM  sawtooth  waveform  has  a  fixed  repeti¬ 
tion  rate  of  182  cps  at  all  altitudes.  The  signal  return  from 
the  lunar  terrain  is  delayed  in  time  in  proportion  to  slant 
range  along  the  beam,  and  shifted  in  frequency  in  pro¬ 
portional  to  the  component  of  spacecraft  velocity  along 
the  beam.  A  small  amount  of  transmitter  power  is  coupled 
off  the  transmitting  waveguide  and  applied  as  the  coher¬ 
ent  reference  to  the  microwave  detector.  The  microwave 
detector  consists  of  a  pair  of  balanced  mixers  producing 
two  signal  outputs  to  the  two  preamplifiers.  The  refer¬ 
ence  signal  to  each  balanced  mixer  is  applied  in  phase 
cpiadraturc  so  that  the  two  output  signals  to  the  preampli¬ 
fiers  are  also  in  quadrature. 

Due  to  range  delay  and  doppler  shift,  the  output  signals 
from  the  balanced  mixers  contain  signal  spectrums  which 
peak  up  in  power  at  a  frequency  which  is  equal  to  the 
sum  of  a  range  proportional  term,  fr,  and  a  velocity  pro¬ 
portional  term,  /<.  The  center  of  power  of  the  terrain 
signal  spectrum  into  the  preamplifier  varies  between  182 
cps  and  80  kc. 

Tlie  preamplifiers  raise  the  signal  levels  out  of  the  bal¬ 
anced  mixers  to  values  suitable  as  inputs  to  the  altimeter 
tracker,  and  shape  the  residual  AM  noise  spectrum 
present. 

The  function  of  the  klystron  power  supply/ modulator 
is  to  supply  beam,  reflector,  and  filament  power  to  the 
VA246  reflex  klystron  and  to  superimpose  a  sawtooth 
voltage  waveform  on  the  reflector  voltage  to  the  klystron 
for  purposes  of  frequency  modulation.  The  KPSM  accepts 
an  input  from  the  lOOO-foot  marker  in  the  programmer 
for  purposes  of  changing  the  transmitter  deviation  from 
low  to  high. 

The  two  (piadrature  signal  inputs  from  the  preampli¬ 
fier  and  gated  amplifier  are  applied  to  the  tracker.  The 
altimeter  trai'ker  is  an  electronic,  self-tuning,  frequency- 
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following  l(X)p  whicli  has  us  an  output  a  signal  of  fre¬ 
quency  equal  to  the  center  of  power  of  the  input  signal 
spectrum  to  the  tracker  plus  the  tracker  rcfercmce  fre¬ 
quency,  fr-  The  quadrature  input  signals  to  the  tracker 
are  applied  to  a  single-sideband  mixer  whose  other  pair 
of  inputs  are  derived  from  a  variable  frequency  quadra¬ 
ture  signal  generator  operating  at  a  frequency  above  the 
center  of  frequency  of  the  input  spectrum  to  the  tracker 
by  an  amount  ecpial  to  f,  .  The  single-sideband  mixer 
translates  the  input  signal  spectrum  from  the  preampli¬ 
fiers  to  a  frequency  near  the  reference  frequency  <if  the 
tracker,  that  is,  within  the  IF  amplifier  pass  band.  The 
single-sideband  action  is  accomplished  using  phase  can¬ 
cellation  of  the  upper  sidebands  of  two  (juadrature  car¬ 
rier  signals  each  of  which  is  amplitude-modulated  in 
quadrature  with  respect  to  the  other. 

Proceeding  around  the  altimeter  tracker  fre(|iiency- 
following  loop,  the  signal  from  the  single  sideband  mixer 
is  passed  throi  gh  the  IF  amplifier  and  then  applit'd  to 
the  two  mixers  in  phase  <|uadrature.  The  difference  fre- 
cpiency  spectrums  in  the  outputs  of  the  two  mixers  ar«‘ 
extracted  using  two  low-pass  filters.  The  signals  out  of 
the  low-pass  filters  are  applied  to  the  phase  detector. 
These  two  spectrums  are  in  phase  quadrature  and  pro¬ 
duce,  at  the  output  of  the  phase  detector,  either  a  plus  or 
minus  voltage,  depending  on  phase  relationship  of  the 
two  inputs.  In  the  auto-tuning  m<Kle  then,  the  tracker 
tunes  to  maintain  t^e  output  of  the  single-sideband  mixer 
centered  at  the  IF  fre(|uency,  the  outputs  of  the  low-pass 
filters  at  zero  average  fre(|uency,  and  the  output  of  the 
phase  detector  at  zero  v<ilts  or  the  average. 

The  mode  of  the  altimeter  tracker  is  controlled  by  the 
signal  detector.  When  the  signal  detector  has  detected 
sufficient  signal-to-noise  ratio  in  the  tracker  low-pass 
filter,  the  altimeter  tracker  is  placed  automaticeVy  into 
the  auto-tuning  or  tracking  mode.  When  the  signal-to- 
noise  ratio  in  the  low-pass  filter  is  less  than  the  signal 
threshold,  the  altimeter  automatically  goes  into  a  fre¬ 
quency  search  mode,  .scanr^ng  the  tracker  search  band 
on  a  continuous  basis  until  a  signal  of  sufficient  strength 
is  detectc*d.  The  tracker  frequency  search  is  erpiivalent 
to  an  altitude  search  between  about  1000  and  40,000 
feet  when  the  altimeter  is  in  the  low-deviation  mcale  or 
100  to  4000  feet  when  in  the  high-deviation  m<xle.  Tli<- 
signal  detector  circuit  receives  two  inputs,  one  from  the 
low-pass  filter  and  the  other  from  a  band-pass  filter.  The 
band  pass  filter  examines  the  mixer  output  signal  in  a 
freiiiiency  band  adjacent  to  that  of  the  low-pass  filtiT. 

The  signal  d(‘tector  compares  the  narrow  baiul  signal 
plus  noise  out  of  the  low-pass  filh’r  with  the  noise  out  of 


the  band-pass  filter.  When  this  ratio  exceeds  the  threshold 
for  proper  operation,  the  signal  detector  puts  out  the 
tracker  signal  lock,  which  stops  the  frequency  search  and 
the  tracker  then  follows  the  frequency  of  the  center  of 
power  of  the  detected  signal. 

The  change  in  transmitter  deviation  from  low  to  high 
changes  the  input  fretpiency  to  the  tracker  by  14.6  kc. 
To  prevent  a  tracker  signal  loss,  the  tuning  posi¬ 
tion  of  the  tracker  variable  frequency  oscillator  is  raised 
by  this  same  amount,  which  is  accomplished  by  switch¬ 
ing  from  No.  1  fixed  frequency  oscillator  to  No.  2  fixed 
frequency  oscillator. 

In  the  altimeter  artithmetic  section  and  altitude  con¬ 
verter,  the  signal  from  the  altimeter  tracker  is  applied  to 
the  arithmetic  section  at  a  frequency  equal  to  the  sum 
of  the  signal  fre(|uency  into  the  tracker  and  the  tracker 
reference  frequency  /,•.  Tlie  tracker  output  frequency  is 
applied  to  a  modulator  and  compared  with  the  reference 
frequency.  The  difference  frerjuency  is  extracted  in  the 
low-pass  filter.  The  resulting  signal  frequency  (fr  +  fd) 
is  scahnl  by  a  factor  of  two  and  by  a  factor  of  four,  both 
scaled  fretpiencies  being  applied  to  signal  gates.  The 
signal  frwpiency  from  the  arithmetic  section  is  converted 
into  a  proportional  dc  voltage.  At  the  same  time,  a  signal 
with  fre(|uency  proportional  to  the  component  of  vehicle 
velocity  along  the  roll  axis,  as  computed  in  the  velocity 
sensor  arithmetic  section,  is  applied  to  a  scaling  circuit  in 
the  altimeter  arithmetic  section  and  converted  to  a  pro¬ 
portional  dc  analog  in  the  signal  processing  chain.  This 
dc  voltage,  with  the  proper  scale  factor,  is  combined  with 
the  converter  signal  from  altimeter  tracker  signal  for 
velocity,  leaving  a  voltage  proportional  to  range  alone. 

The  change  in  range  signal  output  scale  from  1  to  20 
mv/ft  is  accomplished  by  a  change  of  20  to  1  in  frequency 
scale  presented  to  the  altitude  converter  input.  Tliis  fre- 
tjuency  scale  change  cKfurs  as  a  result  of  changing  the 
transmitter  frecpiency  deviation  by  a  factor  of  ten  at  the 
1000-foot  range  mark  and  scaling  up  the  input  signal 
frequency  to  the  altitude  converter  by  a  factor  of  two  at 
the  same  time. 

The  programmer  contains  the  altimeter  signal  loss  de¬ 
tectors  ami  the  10(X)-  and  13-foot  range  markers. 

Vrlocitij  sensor.  The  \elocity  sensor  is  composed  ot 
functional  units  similar  to  those  in  the  radar  altimeter. 
Major  differences  are  descrihed  below. 

The  transmitter  operates  at  a  carrier  frecjuency  of 
I3,3(X)  me  with  api)ro\imately  6  watts  total  con- 
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tinuous-wave  power  output.  The  microwave  energy  is 
divided  equally  among  three  antennas  and  is  transmitted 
in  three  narrow  beams  displaced  25  degrees  from  the  roll 
axis  of  the  spacecraft.  The  doppler  information  from 
beams  No.  1  and  3  is  used  to  determine  vertical  velocity, 
V,;  beams  No.  1  and  2  give  lateral  velocity.  and  beams 
No.  2  and  3  give  lateral  velocity,  Vy.  Considering  a  maxi¬ 
mum  velocity  of  3000  ft/sec  along  any  beam  and  a  mini¬ 
mum  velocity  of  zero,  the  center  of  power  of  the  signal 
spectrums  at  the  output  of  the  microwave  mixers  can 
vary  between  0  and  81  kc. 

Velocity  sensor  tracker  operation  is  essentially  the  same 
as  altimeter  tracker  operation  except  the  requirement  for 
fixed  frequency  oscillators  is  not  necessary  for  the  doppler 
velocity  sensor  tracker  due  to  the  absence  of  scale  change 
of  tracking  velocity. 

The  arithmetic  section  combines  the  three  doppler  fre¬ 
quencies  to  obtain  frequencies  proportional  to  the  veloc¬ 
ities  along  the  spacecraft  coordinates,  (V,,  V^,  V,). 

The  three  velocity  sensor  frequency  outputs  are  at 
carrier  plus  doppler  frequency.  Quadrature  signals  arc 
also  provided  hy  each  tracker.  These  outputs  are  applied 
to  mixers  and  the  difference  frequencies  are  extracted 
through  low-pass  filters.  Both  lateral  velocity  converters, 
andVy,  re<juire  the  respective  doppler  difference  fre¬ 
quencies  and  their  quadrature  signals  for  sign  sense  in- 
formatiem. 

The  vertical  velocity,  V„  is  proportional  to  the  sum 
of  two  doppler  signals,  whereas  the  lateral  velocities  are 
proportional  to  the  differences  of  their  respective  doppler 
signals.  Therefore,  one  tracker  output  is  first  mixed  with 
twic-e  the  carrier  frequency  in  balanced  modulator  and 
the  difference  frequency  is  extracted  through  a  low-pass 
filter  to  obtain  a  signal  frequency  equal  to  the  carrier 
minus  the  doppler  frequency.  This  in  turn  is  mixed  with 
the  other  tracker  output  to  obtain  the  difference  fre¬ 
quency  output  c(|ual  to  the  sum  of  the  two  doppler 
frequencies.  Vertical  velocity  sign  sense  is  not  required 
so  that  the  quadrature  signal  is  not  obtained. 

14.  TaptRtordf 

a.  IrUroduction.  Development  of  the  tape  recorder  has 
been  subcontracted  to  the  Data  Riwrders  Division  of 
Consolidated  Electnxlynamics  Corporation  and  has  be<'n 
in  progress  since  Augiust  21, 1961. 

The  tape  recorder  is  to  be  capable  of  recording  an«l 
reproducing  data,  on  command,  during  two  o|K'rational 
phases  of  tin*  spacecraft.  During  tin*  lxK»st  and  landing 


phase,  engineering  data  will  be  recorded  on  seven  analog 
channels  (5  to  1000  cps);  record  and  reproduce  will  be  at 
20  in/sec.  For  lunar  surface  operation,  18  hours  recording 
capability  is  provided  at  'A  in/sec.  Playback  is  at  20  in/ 
sec.  Three  analog  channels,  covering  the  range  Ifm  to  5 
cps  and  one  analog  channel  for  the  range  '/^i  to  20  cps, 
are  provided  for  recording  seismic  activity.  Two  digital 
channels  (550  bps  NRZ  and  180-200  bps  NRZ)  are  pro¬ 
vided  for  recording  time-shared  data  from  the  plasma 
probe  and  the  seismometer  ( tide  data )  and  for  the  mag¬ 
netometer.  A  unique  feature  of  this  lightweight  (9 
pounds  maximum)  recorder  will  be  the  low-power  re¬ 
quirement,  not  to  exceed  650  milliwatts  during  lunar 
record  and  1.5  watts  during  playback. 

b.  Electronic  development.  To  achieve  the  very  low 
fretjuency  analog  response  with  good  signal-to-noise  ratio 
and  amplitude  accuracy,  saturated  FM  recording  is  being 
used,  llie  block  diagram  of  the  record  portion  of  the 
system  is  shown  in  Figure  92.  There  will  be  four  identical 
sections  to  accomplish  the  launch  and  lunar  analog  re¬ 
cording.  There  will  also  be  three  identical  sections  for  the 
launch  analog  and  the  lunar  digital  recording.  (The 
.seventh  lunar  channel  is  reserved  fur  recording  a  clock 
signal  if  desired  for  tape  speed  control  in  the  reproduce 
mode.)  In  the  analog  channels,  voltage-controlled  oscil¬ 
lators  ( VCO )  will  provide  center  frequencies  of  333  cps 
or  20  kc  (lunar  or  launch)  with  deviation  of  ±50?. 
The  driver  amplifiers  will  amplify  the  frequency- 
modulated  s(]uare  wave  signals  and  saturate  the  tape.  In 
the  digital  channels,  solid-state  switches  will  feed  input 
to  the  driver  amplifiers  for  saturation  recording  of  the 
digital  signals. 

Erase  will  be  prior  to  record.  Erasing  will  be  accom¬ 
plished  by  passing  a  dc  current  through  a  high-induc¬ 
tance  head,  thereby  saturating  the  tape  in  one  direction. 

The  block  diagram  for  the  reproduce  circuits  is  shown 
in  Figure  93.  The  operation  is  as  follows; 

The  signal  from  the  playback  head  is  linearly  amplified 
by  a  high-gain  amplifier  and  fed  through  a  level  detector 
(Schmitt  trigger)  which  shapes  the  signal.  Each  pulse  of 
this  signal  then  triggers  a  one-shot  multivibrator,  which 
is  designed  to  have  a  constant  area  pulse  regardless  of 
fre«juency.  Tlie  active  filter  integrates  the  signal  to  obtain 
its  average  area,  which  is  proportional  to  the  original 
intelligence  signal.  The  integratt'd  signal  is  amplified  and 
«apacitively  coupled  out.  Since  the  lunar  launch  VCO’s 
center  frequencies  will  be  designixl  for  a  60-to-l  ratio 
(lunar  playback/rewind  speed  ratio)  the  same  repro¬ 
duce  amplifiers  may  be  used  for  both  lunar  and  launch 
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modes.  The  lunar  digital  signals  can  be  obtained  by 
simply  tapping  off  from  the  level  detector  output. 

Tape  speed  will  be  controlled  by  a  closed-loop  servo. 
A  picko£F  voltage  from  the  motor  drive  will  be  fed  to  a 
discriminator;  error  voltages  from  the  discriminator  will 
drive  a  servoamplifier  for  motor  speed  control. 

Electronic  development  has  progressed  to  the  estab¬ 
lishment  of  the  record,  reproduce,  and  erase  systems,  and 
construction  of  operating  breadboards  of  VCO’s,  driver 
amplifier,  reproduce  amplifier,  Schmitt  trigger,  one-shot 
multivibrator,  active  filter,  and  servoamplifier.  Tests  arc 
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being  conducted  at  room  temperature  and  will  be  con¬ 
ducted  over  the  expected  temperature  range.  Specifica¬ 
tions  have  been  established  and  orders  have  been  placed 
for  the  discriminators. 


c.  Electrontechanical  development.  The  tape  recorder 
will  be  housed  in  an  hermetically  sealed  drawn  magne¬ 
sium  case  filled  with  helium  at  one-half  atmosphere.  Size 
has  been  established  as  8  by  9  by  5  inches.  1800  feet  of 
V2  inch  wide  1  mil  Mylar  tape  will  be  used.  The  tape 
transport  system  is  shown  schematically  in  Figure  94. 
Reels  are  coaxially  mounted.  Tape  tension  will  be  main¬ 
tained  bv  a  negator  spring  which  applies  relative  torque 
befwi'cn  the  takeup  and  supply  reels  through  a  differen¬ 
tial.  Tape  tension  varies  with  the  radius  of  the  tape  on 
the  reels.  This  system  maintains  tape  tension  and  head 
contact  at  all  times  without  need  for  a  braking  mecha¬ 
nism  on  the  reels  and  minimizes  power  consumption  for 
tlu'  rc'cl  drive  mechanism  by  compen.sating  the  average 
load  bi'twecn  forward  and  reverse  tape  drive.  Two-spe^ 
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reels  twist  in  guide  rollers  DC  ERASE  HEAD 


operation  will  be  achieved  by  use  of  a  magnetic  latching 
clutch  with  power  used  only  during  the  speed  change. 

The  motor  which  has  been  selected  to  drive  the  rc*- 
corder  is  a  miniature  Japanese  motor  with  unusually  low 
brush  friction  and  high  efficiency  (70?).  Use  of 
this  motor  is  necessary  to  meet  the  requirements  of  low 
power  drain  during  long  periods  of  lunar  recording. 

Progress  in  the  electromechanical  area  includes  the 
followins  accomplishments: 

( 1 )  A  preliminary  packaging  arrangement  of  the  tai)e 
transp<irt  and  eU'ctronic  subassemblies  has  been 
completed;  a  preliminary  outline  and  mounting 
drawing  has  been  submitted. 

(2)  Procurement  specifications  have  been  established 
and  orders  have  been  placed  for  the  negator  spring 
assembly,  the  electromechanical  clutch,  and  the 
differential. 

(3)  Samples  of  the  special  Japanese  motors  have  been 
received.  Similar  motors  have  Ix'en  previously  en¬ 
vironmentally  testetl  by  Consolidated  Electrotly- 
namics  Corporation;  the  sample  motors  are  special 
for  9-volt  operation. 

(4)  A  breadboard  model  of  the  capstan  transmission 
has  been  made  and  has  bc‘en  used  for  preliminary 
flutter  measurements. 


(5)  Specifications  have  been  established  and  orders 
have  been  placed  for  record,  reproduce,  and  erase 
heads. 

(6)  Reliability  calculations  have  been  made  on  the 
proposed  circuitry,  and  a  preliminary  parts  list 
has  been  submitted  to  Hughes  Aircraft  Company. 


F.  Electrical  Power  Supply 

1 .  Summary 

An  oriented  solar  panel  and  a  silver-zinc  storage  battery 
system  are  the  primary  and  secondary  sources  of  power, 
respectively,  for  operation  of  the  Surveyor  spacecraft. 
The  Phase  I  solar-cell  module  development  and  type 
approval  test  program  subc-ontract  was  awarded  to  two 
vendors  on  November  9,  1961.  and  will  be  c-ompleted 
in  2  months.  Preliminary  drawing  release  for  the  first 
deselopment  model  solar  panel  has  been  accomplished, 
and  fabrication  of  this  panel  is  scheduled  for  c-ompletion 
in  mid-December. 

Final  contract  negotiations  with  Electric  Storage  Bat¬ 
tery  Company  for  the  development  and  test  of  the  silver- 
zinc  battery  have  been  completed,  and  the  contract  was 
awarded  on  December  4,  1961. 

2.  Solar  Fanol 

The  Phase  1  solar  ci*ll  module  subcontract  has  been 
awardwl  to  two  vendors.  Hoffman  Electronics  of  El 
Monte,  California,  and  Heliotek  Corporation  of  Sylmar, 
C'alifomia.  The  .solar  cell  subcontract  consists  of  two 
phases.  Phase  1  is  a  complete  ts'pc  approval  test  program 
to  demonstrate  the  ability  of  the  solar  cell  module  to 
siirs'ive  the  severe  lunar  environment.  Results  of  the 
Pha.si-  I  subc-ontract  will  provide  accurate  solar  cell 
design  data  for  use  in  predicting  solar  panel  performance 
on  the  lunar  surface.  The  subcontract  was  awardtxl  on 
Nos  ember  9,  1961,  and  will  be  completed  early  in  Jan¬ 
uary,  1962. 

Uj)on  comiilction  of  the  Phase  I  development  and  test¬ 
ing  program,  the  Phase  11  stibcontract  for  the  prcxluction 
of  approximately  10,000  modules  will  be  placed  with  the 
successful  vendor.  Initial  Phase  I  progress  of  both  \  endors 
has  been  satisfactory  to  date  and  is  on  schedule. 

During  this  report  peri«Kl.  primary  design  and  devel- 
opmt'iit  effort  has  been  direeti'd  toward  finning  solar 
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paiu'l  (li'simi  aiul  lal)rii'alini'  tlic  first  lU'vclopiiUMit  iiiixlcl 
solar  paiu'l.  I'rclimiiiary  ilrawiiiKs  liasc  Ix'fii  rolcasi'd  lor 
tlic  (Ics'clopiiu'nt  iiuuU'l  and  tlio  ncccssarv  liarilwaro  lias 
boon  received,  (ioinplelioii  of  fabrication  is  sc-bednled 
for  neeeinber  lo,  lOfil. 

bi^nre  t).")  sliows  tlie  solar  panel  substrate  nioiinted 
in  tile  labrieation  listnre  in  preparation  lor  asseinbb 
Present  p.niel  substrate  design  ntili/es  l)l)l)2  ineb  tbiek 

lac  ing  material  and  iiu  li  tliic  k  . . .  bones i-omb 

core  witb  a  nub  cell  si/e.  'I'lie  titanium  lacing  in.ite 
rial  is  bonded  to  tlie  core  witb  I'M-llHI  adbesisi'  maim 
laetiired  b\  bloominadale  Itubber  (iompany.  'lorraiice. 
( lalilornia.  Measured  panel  su list i  ate  ss  eii;bt  based  on  two 
substrates  leeeised  to  date'  is  2.(itl  pounds  lor  ibi'  0  2 
s(|uare  loot  area.  Masinium  .diowable  substrate  spec  ill 
cation  weiubt  is  2.7(i  pounds, 

Tbe  Iront  surlaic  ol  tbe  solai  p.mel  will  be  eo.iled 
witb  P'l  - till  eposs  insiil.ilin^  eoatinu  ni.inut.ieliired  b\ 
Produel  rei  bniipies,  Ineorpol ated.  l,os  \nueles.  ( !ab 
loinia,  I'loul  and  back  sml.icc'  ibi'ini.d  co.ilmtis  aie 
preseiitls  beim'  e\  ablated  loi  st.ibilils  m  Ibc'  lunar  eii 
siionmeiit  It  IS  planned  to  eniplos  .1  low  absorptis 
its  c  oatiun  ' 'I  (12')'  on  tbe  lioul  pane  l  siirlacc  not 
eoseredbs  solai  cells,  and  a  Ini'll  emissis  its  i<  00)  on 
tbe  panc'l  back  siirlacc.  Prebniin.cis  data  obtained  Ironi 
tbe  I’base  I  solar  cell  seiidors  indic  ates  solar  cell  niocbile 
alisorplis  its  .nicl  emissis  its  s  allies  ot  approsiinalels  0.S2 
and  O.S  f.  respeeliscis , 


Initial  sibralion  tewts  ol  solar  panel  substrates  similar 
to  tbose  planned  lor  linal  use  base  been  completed  ssitb 
lavorable  results.  Ivsteiisisc  eiis  ironmelital  tc'stiiig  of  tbe 
cles'cdopment  panel  is  planned  to  scnily  results  obtained 
to  date.  Solar  cell  nioclides  lor  use  on  tbe  des clopmcmt 
piiiiel  base  been  piirebascul  from  llcdiotc'k  (Corporation 
and  acceplanee  tests  base  been  completed.  \  total  of  10() 
modulc-s  assembled  into  a  diodc'-isolatecl,  parallel  siili- 
liroii))  of  loin  series  strint;s  ssill  be  used  or  tbe  desedop- 
mcait  panel,  \seraue  sseiubt  of  tbe  indis  icliial  solar  c-ell 
modules  to  be  used  on  tbe  cles  l•lopment  |)anc'l  is  1.71 
i^iams.  Loeation  and  mountiuii  ol  tbe  scuiindars  Sun  sen¬ 
sor  b.cs  been  establisbed.  and  a  wooden  iliimms  unit  ssill 
be  installed  on  tbe  deselopment  panel. 

'I'estini;  ol  lbc‘  solar  panel  blocking'  diodes  as  installed 
111  a  p.mel  substrate  section  lias  been  initiated  in  saciiiim 
ol  It)  •’  mm  Hu  to  determine  tbc-rnial  and  c-leetrieal 
pc-i  lorn). nice  data  'Pbe  diodes  preseiitls  beinu  es  ablated 
.lie  tbe  Motoiol.i  l\ilS‘)  ,ind  tbe  I'nitrocle  ’I'r.iiisistor 
(  Coi  por.itioii  112  if 

3.  Solar  (Sunlight)  Simulator 

Optical  (Co.itiiiU  1  .abor.itors ,  Inc.  '()(!!, li  lias  eon- 
stiiieted  a  breadboard  ol  tbe  solar  simulator  to  bc'  used 
III  lestinu  solar  i  i  ll  modules.  1  be  piesent  desiun  is  sbossn 
sc  belli. itii  .ills  III  I'iume  ()(i,  \  tiinusteli  l.illip  is  used  tor 
eiieiU'  ss  ,is  ell  iiutbs  Iron)  t),7  to  12  mic  rons  and  .i  /eiion 
l.imp  loi  eneius  ss  .is  eleliutbs  Irom  0,  i  to  t),7  mic  ron. 


Figure  95.  Solar  panel  substrate  mounted  in  assembly  fixture 
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1^4  In  TO  12  in 
TEST  AREA 


B  =  BAFFLE 
CM  >  COLO  MIRROR 

F  -filter  and  attenuators 


reflector 


Figure  96.  Solar  timulotor 


ped  due  to  the  rupture  of  a  second  cell  after  a  cliarge 
peri(xl  of  7  days  at  125"  F.  E  'rlier  in  the  test  of  this  bat¬ 
tery  one  cell  began  to  leak  when  nearly  fully  charged  at 
a  temperature  of  12.'5*F  during  operating  conditions  sim¬ 
ulating  the  first  lunar  day.  The  leak  was  patched  and  the 
tests  continued  until  the  second  cell  ruptured.  The  battery 
is  being  returned  to  ESB  for  failure  analysis  and  evalua¬ 
tion.  Figure  97  shows  the  I'ells  after  comple  on  of  test. 
First  and  second  lunar  night  discharge  curves  for  the  25 
amp-hr,  three-cell  battery  are  shown  in  Figure  98.  Data 
obtained  from  tests  of  this  battery  indicate  an  average 
amp-hr  efficiency  of  approximately  90' f .  It  is  noteworthy 
that  although  test  results  were  excellent,  this  battery  was 
a  readily  as  ailabh-  development  item  and  is  not  necessar¬ 
ily  representative*  of  future  batteries  procured  to  Surveyor 
specifications. 


The  Sylvania  “Sun  (bin,”  a  commercially  available  it<*m. 
commonly  used  as  a  fl(KKllight  for  home  movi<*s,  is  iistel 
as  the  tungsten  lamp  and  reflector.  The  Sun  (bin  has  a 
tungsten  filament  in  an  iiKline  vapor  atinosphert*  to  in¬ 
crease  lamp  life.  To  further  increase  lib*,  the  lamp  will  be 
operatetl  at  reduced  voltage,  although  the  color  t<  inp<*ra- 
ture  will  still  be  above  2H(Kf*K.  \  life  t«‘st  is  iirescntly  in 
progri'ss  on  this  lamp.  The  OSli.VM  .\1U)-450W  high- 
pressure  zenon  lamp,  which  re(|uir<*s  450  watts  of  ilc 
power  (20  volts  at  22.5  amperes),  is  aiso  us«>d.  The  //0.2 
paraholic  reflector  gathers  the  output  of  this  lamp  with 
high  efficiency. 

Both  lamps  r<*(piire  high  n-gulation  of  the  power  sup¬ 
plies  to  meet  tin-  performance  rc(|uin*ment.s.  Two  cold 
mirrors  are  also  <*mployed  to  eliminate  the  Xenon  eiwrgy 
abovi*  0.7  micron  more  efficiently.  This  eiuTgy  impinges 
on  air-cooled  baffli*  plates  rather  than  heated  optics.  Sev¬ 
eral  filters  are  u.sed  to  further  simplify  the  arrangement. 

The  simulator  is  planned  for  delivi^ry  in  mid-January 
following  performance  verification  at  (Kd.l.  Three  weeks 
arc  allowed  for  acceptance  testing  at  Hughes  Aircraft 
(Company  during  which  time  inti-nsity,  spectral  output, 
and  uniformity  will  be  checked. 

4.  Battery 

(iharge-disi'harge  cycle  life  tests  of  an  F.lectric  Storage 
Battery  (Company  (F.SB)  three-cell,  2.5  amp-hr  battery 
under  simulated  Surveyor  oiierational  electriial  loails 
and  temperature  have  been  terminated.  I’erforinance  of 
tin-  battery  to  the  end  of  the  third  lunar  day  (operating 
time  in  excess  of  2  months)  was  within  present  Surveyor 
battery  specification  re(|uireinents,  but  the  test  was  stop 


Figuro  97.  Silvor-zinc  colls  afti 


Figure  98.  First  and  second  lunar  night  discharge  curves 
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A  charging  test  on  three  new  ESB  2.'5  amp-hr  cells  has 
been  initiated  to  determine  the  effect  of  various  charge 
rates  and  temperatures  on  battc'ry  capacity  (Fig  99). 
These  data  will  be  used  to  establish  battery  performance 
during  the  lunar  day. 

5.  Power  Manogemenf 

a.  Optimum  charge  regulator  (OCR).  This  circuit  (de¬ 
scribed  in  SPS  37-10)  acts  as  a  variable  ratio,  dc  trans¬ 
former.  A  control  loop  causes  the  effective  ratio  to  Ik*  such 
as  to  obtain  maximum  power  from  tlu‘  s<»lar  panel  and 
deliver  it  to  the  battery  system.  The  metlxHl  of  r<‘gulation 
used  is  a  switching  scheme  in  which  the  average*  current 
from  the  solar  panel  is  that  corresponding  to  the  maximum 
power  point  on  the*  solar  j)an«‘l  output.  Howeve-r.  the*  jx-ak 
current  is  eepial  to  the  ax’erage  current  fed  to  the  battery 
system,  the  pulse's  being  supplie-d  by  a  eapacilor  across 
the  solar  panel.  A  complete  breadboard  of  the  optimum 
charge  regulator  was  fabricate'el  and  tesle‘d  with  satis¬ 
factory  re'sults  during  this  re'port  inte-rval.  .\s  she>wn  in 
Figure  l(K)a,  a  transistor  switch  Q1  conne-cts  the  input  of 
an  ineluctor  L  alternate-ly  belwe-e-n  the*  solar  pane*l  and 
ground  (by  way  of  CRl).  The*  curre*nt  through  the*  switch 
is  a  se*rie*s  of  pulses  with  pe*ak  value's  e*<|ual  to  the*  OCR 
enitput  current  I,,.  During  the*  pe*rioel  that  transistor 
switch  Q1  is  cut  off,  the*  collapsing  fie*lel  of  ineluctor  1. 
holds  1 1,  relative*!)'  wnstant,  and  C^dl  provide's  the*  ciirre*nt 
re'turn  path  from  the*  load  to  /..  Cairre*nt  relations  in  vari¬ 
ous  parts  of  the*  circuit  are*  shown  in  F'igure*  l(K)b. 

The*  switching  drive*  is  eibtaine-el  from  a  low-|xme*r  dc 
to  dc  con\’e*rte*r  in  connection  with  a  magnetic  amplifie>r. 
The*  arrangeme'iit  is  such  that  the*  gating  time  of  the*  mag- 
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Figure  100.  Varinblo  ck  Ironifenner  and  currant 
waveform  > 


Figure  99.  Setup  for  battery  charging  tectc 


netic  am])lifier  de*te*rmine*s  the  on-time  of  the  switch.  The 
slow  re'sjxTnse*  of  the*  magnetic  amplifier  acts  as  an  integra¬ 
tor  such  that  the*  duty  factor  can  be  caused  to  increase  or 
de*cre*ase  line-arly  witli  time.  As  the  duty  factor  (F^)  is  thus 
varie*el.  the  output  current (Fig  101)  varies  from  zero 
at  ze*ro  elut)'  factor  to  the  optimum  value  corresponding 
to  maximum  I,.,  and  de*cre*ases  to  a  lower  value  at  lOO'T 
elut)  fae  tor.  The*  value  at  Fj  -  100';  is  that  value  of 
e-urre'iit  obtaine'd  by  tlire*ct  conne'ction  of  the  solar  panel 
tei  the*  batte*ry  systi'in.  Figeire  101  also  shows  the*  wave¬ 
forms  of  duty  factor  and  outjiut  current  in  close*d-le)op 
ope*ration.  The*  circuitry  for  discriminating  the  optimum 
point  or  the  point  of  maximum  curremt  has  be'en  bre'ad- 
hoareh'el  and  testi'd  with  the  rest  of  the  circuitry  in  a 
e-lose-d  loop. 

h.  Rattvrtj  charging  logic.  Battery  charge  le)gic  cir- 
e-uiti')'  has  been  dcv  e'loped  anel  bre'adboarde'el  but  no  te'sts 
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TIME  ' 


Figure  101.  Duty  fader  end  output  current 
waveforms  (closed  loop) 


lia\<'  hcfii  iH'rformt'd.  This  circuitry  will  include  all  of 
the  lu'ccssarv  loijii'  to  coiniuaud  charniiin  o(  <‘ithcr  or 
hoth  batteries  as  wt'll  as  to  iinph'ineiit  autoinatie  charn- 
ii'K. 


In  the  latti'r  case,  each  battery  will  be  taken  off 
charge  when  its  terminal  voltage  reaches  a  preset 
amount.  When  tlu-  second  battery  is  fully  charged,  a 
signal  will  b(‘  sent  to  the  (Kdf  commandins'  an  output 
limitation  of  28  volts  dc  alter  which  the  OCJR  will  supply 
normal  loads.  If  the  load  re(iuirements  exceed  the  capac¬ 
ity  of  the  {)(]H,  the  batteries  will  deliver  current  to  the 
load.  This  load  current  will  cause  the  charjic  circuits  to 
b<‘  actuated  siipplyinj;  charKiiif;  current  to  the  battery 
system  as  soon  as  excess  solar  panel  output  is  available. 

c.  Main  overload  trip  circuit.  The  main  overload  trip 
circuit  has  bi'en  desijjned  and  breadboarded.  The  bread¬ 
board  has  been  subjected  to  environmental  testing  in  the 
laboratory  and  operates  satisfactorily.  This  circuit  will 
,s«‘n.se  the  l  urrent  and  x’oltage  on  the  main  regulated  bus. 
If  the  current  excei-ds  a  pre.set  amount,  or  if  the  voltage 
ilrops  below  a  preset  level,  the  oxerload  trip  circuit  will 
cause  the  main  regulated  bus  voltage  to  drop  to  zero  for 
about  20  milliseconds  ( except  to  the  receivers  and  com¬ 
mand  decoders  which  b\  pass  this  unit).  During  this 
pe  riod  of  timc‘.  the  indix  iclual  load  sxx  itches  xvill  drop  out 
aiilomaticallx  and  remain  off.  .Vltc-r  20  millisc^conds  the 
voltage  xvill  automaticallx  rc-coxc*r,  alloxving  loads  to  be- 
commanded  back  on.  'I'his  sx  stc’in  saxes  the  cabling  xvhich 
xvoulcl  be-  rccpiired  it  "off  ”  signals  xvc“rc“  generatc’d  and 
distributed  by  sc'parate  xx  ire  to  all  the  subsystc'in  sxvitches. 

</.  l■'.UTlril•al  convernion  units.  The-  cOc-ctrical  conver¬ 
sion  unit  iKCl’)  ])rogram  has  clc-xc>lopc'cl  to  the-  extent 
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tliat  priinuiy  lircnits  havi-  Im'cii  released  lor  sovoral  units 
and  a  ntiinlHT  of  hri‘adl)oards  liavc  Ivon  built  and  U‘st<-d. 
The  offic'ii-ucy  of  most  of  tlic  ooiis'crtors  is  h»‘t\v('(*n  75 
and  95': .  Those  converters  witli  outputs  less  than  10  volts 
have  low  efficiencii-s  as  a  result  of  rectifier  N’oltane  <lrop. 
The  de\'elopmeut  of  special  ins'erters  and  conva-rtt'rs  for 
tij'ht  regulation,  low  ripple,  or  low  distortion  is  under 
way.  The  breadboard  of  the  three-pha.se,  4(K)-cps  inwrter 
is  now  heinj*  tested  \s  ith  (‘ncouraKin^  results. 

Fim<re  102  shows  a  typical  KCU  circuit.  QI  and  (^2  art- 
part  of  a  saturahle-core  oscillator  with  Tl  heiuj»  a  saturat¬ 
ing  transformer.  When  a  turn-on  pidst*  is  applit-d.  Ql  anti 
Q2  conduct  and  oscillation  is  producc‘d  hy  tht‘  feetihack 
on  Tl.  The  secondary  SI  priuluces  a  negative  voltaite 
which  biases  Q.3  into  saturation,  completing  the  base  re¬ 
turn  of  Q1  and  Q2  through  111.  Outputs  are  taken  as 
needeil  from  secondaries  ."si,  S2,  etc.  The  rt'Kidation  on  a 
typical  ECU  is  hetti>r  than  I'i  for  .50'.  load  chanj'e. 
Turn-off  is  accomplished  hy  suppiyin^  the  standard  posi¬ 
tive  command  decoder  pulse  to  the  base-  of  This 
absorbs  the  current  heinn  supplied  to  the  has«‘  of  O.’l, 
holding  it  off  for  the  duration  of  the  command  pidse. 
With  y.3  off,  the  base  ciri  iiit  of  (,)1  and  (,)2  is  open  cutting 
the  transistor  off  and  causing  oscillation  to  ct-ase. 


G.  Thermal  Control 

I .  Compartment  Group 

.'\s  previously  reported  (SI’S  17-12)  seseral 
modifications  were  made  in  Compartments  .\ 
and  II  to  optiini/.e  both  lunar  day  and  iiiKht  thermal 
performaiK-e,  Current  lunar  day  performanc«’  character¬ 
istics  for  Compartments  A  and  H  are  pre.senti'd  in  Imk- 
ures  10.'1  and  104  in  terms  of  steady-state  internal  power 
dissipating'  capability  as  a  luiictiou  of  solar  incidence 
anttle.  Also  shown  is  the  degradation  in  di.ssipating 
capability  that  woidd  result  if  the  solar  paiu'l-anteniia 
assembly  were  to  remain  in  its  transit  position.  Tlu' 
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SOLAR  INCIDtNCE  ANGLE  rt.Ui 
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Figur*  103.  Compprlmcnt  A  ditsipaling  capability 

piTformani'E'  indicated  in  Figures  103  and  104  is  not 
entirely  representative  since  most  of  the  eciuipinont  in 
Compartme-nts  A  and  B  operated  inti'miittently,  in  some 
ca.ses  at  pi-ak  powi-r  dissipations  in  e.xcess  of  the  .steady- 
stati'  performance.  Ihidcr  these  conditions  the  resulting 
e<|uipmE'nt  temperatures  will  he  transient  in  nature,  and 
therefore  a  transient  capability  of  Cloinpartment  A  during 
the  high-powi-r  transmitter  mode  of  operation  has  been 
rlefined. 

The  next  phase  of  compartment  thermal  design  —  de¬ 
tailed  representation  of  the  compartment  and  its  sur¬ 
rounding  t'lniromnent  to  determine  the  temperature 
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Figure  104.  Compartment  B  diieipoting  capability 

liistiii.t-s  of  specific  i.nits  witliiii  tlie  compartments  and 
of  tlie  major  ln-at  patlis  —  is  muh'r  way.  Tlie  complex 
.  uliation  interclian^e  l)elw«'i'n  the  external  surfaces  of 
tlie  compartment  —  particularly  tiu'  compartment  radi¬ 
ators  and  other  interacting  surfaces  ( spacecraft,  panels. 
Moon,  and  space)  —  will  he  accountitl  for  liy  utili/.ing 
the  network  meth(Kl  (radiosity)  devr-loped  hy  OpiK-n- 
heim  in  conjunction  with  the-  IHM  70fK)  computer. 

A  pri'liminary  study  of  the  effect  of  local  spacecraft 
eipiipment  on  the  Compartment  A  dissipatinK  capability 
indicated  that  the  T\’  telescope  and  Canu'ra  No.  •'»  as¬ 
sembly  (adjacent  to  Compartment  .'\ )  would  (K'cupy  an 
envelope  e(piivalent  to  a  5';  radiation  view  fai  tor  from 
the  top  of  the  I'ompartment.  This  position  would  decreas«‘ 
the  (iomparlment  .\  dissipating  capability  at  lunar  luNm 
from  22  to  M  watts,  and  therefore  the  a.ssembly  has  been 


relocated.  The  new  location,  near  the  flight  control  Kroiip, 
will  result  in  ncKlij'ible  effect  on  the  compartments.  The 
reduction  in  power  dissipating  capability  illustrates  the 
importance  of  maintaining  an  adeijuate  view  of  spade 
from  the  major  radiating  surfaces. 

The  current  lunar  night  compartment  power  dissipa¬ 
tion  reipiiri'inents  for  adeipiate  thermal  performance  are 
.5.1  watts  for  Compartment  A  and  4.4  watts  for  Compart¬ 
ment  B.  These  reipiireinents  currently  exceed  the  heat 
available  from  normal  ecpiipment  dissipation  by  0.7.'i 
waft.  An  attempt  is  being  made  to  meet  this  reejuirement 
by  a  revised  .seijuencing  or  the  Compartment  A  and  B 
ecpiipment  opc-rated  during  lunar  night.  An  altc-rnative 
nu‘thod  of  assuring  thermal  compatibility  involves  the 
use  of  appro.ximatc'lv  2.8  pounds  of  additional  super¬ 
insulation  to  balance  the  existing  heat  deficit.  Further 
study  is  recpiired  before  the  optimum  tradeoff  can  be 
made. 

In  the  previous  rc-port,  it  was  indicated  that  several 
scicmtific  instrument  and  mechanism  auxiliaries  not  used 
during  lunar  night  were  removt*d  from  Compartment'' 
and  B  to  reduce  wiring  harness  weight  and  lunar  night 
compartment  heat  losses.  Tliis  ecpiipment  (Table  6)  has 
bc'c'ii  packagc'd  in  a  group  dc'signaic'd  Compartment  C 
and  will  be  designed  to  survixe  the  lunar  night;  there¬ 
fore'.  nightimc'  thc-rmal  protc'ction  will  not  be  recpiired. 

The  thermal  control  of  C;om])artment  C  will  maintain 
the  c'lpiipmc'nt  betwe-en  0  and  12.5’F  during  the  lunar 
clay  using  passive  radiation  teehnicpies  to  dispose  of 
dissipated  c'Ic'ctrical  power  imar  lunar  nenm  and  supple¬ 
mental  heating  nc'ar  tlic'  terminator,  wht're  the  eombincHl 
environme  ntal  load  and  ecpiipment  dissipation  will  be 
insufficient  to  maintain  ()*F  ecpiipmi'nt  tc'mperatures. 
Tbc-  only  units  which  dissipate*  significant  power  in  this 
c'ompartmc'nt  arc*  the  subsurface  sampler  auxiliaries, 
which  dissipate'  87  watts  during  a  1.5-minute  interval. 


Tablo  6.  Compartmont  C  packaging 
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Cob  ckromotogroph  ouxilioriti 

45 
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ns 

Surfoco  Bomplor  ouxiliarioi 

29 

Surfoct  goophyiicot  ouxtliariot 

133 

Sub»urfoc«  goophyilcol  ouxilioriti 

92 
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Current  ini.ssion  seciuencinn  iiulieate.s  approximately  four 
siiel>  operating  periods  during  tlie  lunar  day.  A  detailed 
thermal  analysis  of  this  compartment  with  the  objc-ctive 
of  mininii/ing  the  supplementary  heating  power  refiiiired 
near  terminator  is  currently  under  way. 

A  preliminary  analysis  was  performetl  on  the  flight 
control  compartment  to  determini'  if  the  Camopiis  sensor 
could  he  passively  temperature-controlled  to  .32°  F”  in 
the  presence  of  conduction  and  radiation  coupling  from 
the  inertial  reference  unit  radiator  at  160*  F  and  from 
other  local  spacecraft  surfaci's.  The  results  indicate  that 
the  (amopus  sensor  and  inertial  reference  unit  assembly 
temperature  reipiirements  are  compatible  and  can  be 
maintained  b\'  a  surface  treatment  of  absorptance,  «  = 
0.16  and  emittance,  c  0.8  on  the  inertial  reference  unit 
radiator  and  C'anupus  package. 

2.  Remot*  Subsystem  Group 

Of  the  three  main  items  of  the  doppler  anti'nna  snb- 
s\  stem  —  klystron  box,  signal  data  converter,  and  an¬ 
tenna  dishes  and  e<iuipment  —  the  first  two  have  been 
shown  to  be  lapable  of  passive  control  during  transit. 
Dui'  to  their  position  (remote  from  the  antenna  lii.shes), 
the  proper  balance  bi'twi'eii  solar  energy  received  and 
infrared  energy  dissipated  can  be  acliieveil  on  the  sur¬ 
faces  of  the  boxes  through  selective  surface  coatings, 
and  any  desired  temperature  between  the  limits  of  ap¬ 
proximately  1(K)  and  1(K)*F  at  the  beginning  of  the 
descent  pha.se  may  be  obtained.  The  third  item,  however, 
cannot  as  readily  be  controlled.  I'he  antenna  dishes  in 
their  original  locations  under  (Compartments  A  and  H 
have  been  shown  to  reach  a  minimum  temjM'ratnre  of 
—  19()°F  at  the  end  of  transit.  To  avoid  this  low  temiM'ra- 
ture,  the  antenna  dishes  have  bei-n  movi'd  slightly  out¬ 
board  to  receive  partial  solar  illumination.  Thermal 
conduction  will  be  relied  on  to  provide  heat  distribution 
to  the  inboard  sections  of  the  dish.  If  it  is  found  that 
thermal  conduction  is  not  sufficient  to  maintain  the  in¬ 
hoard  portions  of  the  antenna  dishes  at  temperatures 
above  .50°  F,  auxiliary  hiating  may  be  reipiired. 

Figure  105  shows  the  results  of  one  possible  anti'una 
configuration  using  aluminum  facings  and  honeycomb 
construction  with  one-third  of  the  antenna  <'X|M)sed  to 
.solar  illumination.  For  this  completeh’  aluminum  eon- 
figuration,  the  minimum  antenna  temperatures  are  main¬ 
tained  well  above  the  lower  limit  of  .50°  F’. 

.\n  initial  anaKsis  to  determine  the  degree  of  heating 
on  the  lower  s|)aeelrame  lubes  from  the  vernier  engine 
exit  no/./.les  has  been  completed.  Thiokol,  Ifeaetion 


Motors  Division,  has  indicated  that  a  nozzle  temperature 
of  approximately  28(X)*F'  can  be  expected.  The  initial 
analy.ses  are  slightly  conservative  in  that  the  28(X)°F 
nozzle  temperature  was  assumed  to  be  a  step  function 
from  the  time  of  ignition.  Figure  106  shows  the  lower 
spaceframe  temperature  as  a  function  of  time  for  a  space- 
frame  emittance  (t)  equal  to  0.8  and  a  burning  time  of 
214  seconds.  An  unprotected  tube  will  approach  12(X)°F 
afti'r  approximately  200  seconds  of  vernier  operation. 
F'igure  106  indicates  the  cooldown  characteristics  after 
engine  cutoff.  The  figure  also  indicates  that  heating  is 
restricted  to  a  localized  region  extending  12  to  15  inches 
from  the  engine  attachment.  Figure  107  illustrates  the 
effect  of  a  highly  reflective  tube  coating  (€  =  0.05).  It 
is  concluded  that  the  higher  reflectance  will  reduce  the 
lube  teinpi'ratnres  to  acceptable  levels. 

A  tradeoff  study  to  detrmine  the  vernier  system  fuel 
and  oxidizer  line  heater  power  savings  by  using  a  high 
degree  of  insulation  around  the  lines  has  been  completed. 
Wrapping  the  lines  with  approximately  1  inch  of  ribbon 
ahimini/ed  mylar  was  found  to  be  undesirable  in  view 
of  the  routing  and  attachment  requirements.  The  lines 
xvill  Im'  thermally  controlled  using  2.5  watts  of  heating 
and  a  single  low  emittance  aluminum  foil  outer'eovering. 
The  foil  will  be  spot-bonded,  thus  allowing  volume  for 
thermal  expansion  and  outga.ssing  of  the  bonding  ma* 
lerial. 

.\n  anabsis  to  determine  the  thermal  gradients 
throughout  the  spaceframe  is  ni'arly  complete.  Of  prime 


liMl  Al  Tf  R  launch,  hr 


Figure  105.  Doppler  antenna  temperatures  in  transit 
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importaneo  will  bo  j'raclionts  rosiiltin);  fniin  tlio  nimsytn- 
metric  solar  boating  during  transit.  Such  considerations 
must  bo  includod  in  cortifying  spacofraino  structural 
integrity  during  the  landing  operation. 

Figure  108  shows  the  rr'sult  of  a  parametric  study  to 
determine  the  correct  surface  coating  re(piirements  on 
the  shock  absorber.  ,\s  indicatr'd,  there  are  several  com¬ 
binations  of  solar  absorptance  and  infrared  omittance 
which  would  successfully  maintain  the  shock  ab.sorber 
in  the  vicinity  of  70*  F.  Initial  selection  has  been  for  a 
shock  absorber  column  coating  of  «  ;  0.8,  <  -  0.8. 

3.  Scientific  Instruments 

Thermal  analysis  and  coordination  of  the  soil  analysis 
group  has  progressed  very  satisfactorily.  (aM>rdination 
with  the  supplier  of  the  X-ray  instruments  { Philips  Klec- 
tronics,  Inc. )  has  residted  in  the  incorporation  of  com¬ 
patible  thermal  design  concepts  in  the  package  designs. 
.Specified  temperature  limits  ha\e  been  negotialt^d  an<l 
current  thermal  analyses  indicate  that,  in  general,  the 
specifit'd  limits  will  be  met.  Fmphasis  has  been  placed 
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Figure  106.  Spaceframe  l•mp•raturei  for  <  a  0.8 


0  600  1200  1800 


TIME,  itc 

Figure  107.  Spaceframe  temperatures  for  t  =  0.05 


on  coordinating  and  assisting  the  vendor  in  the  design 
of  electronic  circuitry  and  etpiipment  capable  of  sur¬ 
viving  the  severe  lunar  night  environment.  Table  7  shows 
a  comparison  of  former  estimated  lunar  night  beating 
re<|iiirements  with  the  current  d(‘sign  values. 

An  .\-ray  tliffractometer  thiTmal  radiator  has  been 
designed  for  the  dissipation  of  the  .30  watts  of  heat  gen- 
i-rated  in  the  X-ray  tube.  Several  concepts  have  been 
eonsideri'd  and  residts  of  the  recommended  radiator  in 
simulated  lunar  noon  operation  are  shown  in  Figure 
KHJ.  A  final  recommendation  of  a  6061-T6  aluminum 
radiator  of  50  in:  area  with  cross  section  tapered  from 
'  i-indi  at  the  root  to  'n-inch  at  the  ends  for  weight 
savings  has  been  made  to  Philips  and  will  be  incor- 
jToratE'd  in  the  X-ray  diffractometer  head  package  design. 


501 AR  absorptance  ,  a, 

Figure  108.  Shock  absorber  column  temperatures 
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Figure  109.  X-ray  diffractemater 
radiator  tamperaturas 


With  tliis  design,  tlio  .X-ray  tulu"  and  dilfractonu'trT  In-ad 
will  optTatt'  at  tfmptTali.ffs  within  tlu-  spocifittl  toh-r- 
ancos.  Fignro  110  .shows  diffractometer  head  package 
temperatures  resulting  from  this  radiator  concept.  I’rojn  r 
surface  treatments  will  he  sp»'cified  to  the  instrument 
supplier  by  mid-Dr’cemher. 

The  high  voltage  power  supplies  for  tlu-  X-ray  instru¬ 
ments  are  being  developed  to  minimi/.e  lunar  night 
survival  re<|uirements,  as  well  as  provide  maximum  heat 
dissipation  during  lunar  daytime  operation.  Tlie  mini¬ 
mum  allowable  temperature  has  been  h»weretl  from 
—  148  to  —  280"  F,  which  reduces  the  heating  re<piir«-- 
ments  significantly  (Table  7).  Th<'  maximum  alhiw- 
able  operating  package  teinp<Tature  has  b«'en  s<-t  at 
210* F  for  both  pow«-r  suppli«‘s;  thus  it  appears  that  an 
optimum  thermal  design  will  result. 


The  gas  cliromatograph  thermal  control  design  utilizes 
thermal  isolation  of  tin-  instrument  components  from  the 
outside  environment  through  the  u.se  of  super-insulation. 
Very  clos«‘  temperature  tolerances  have-  been  set  on 
various  components  of  the  insirninent.  The.se  tolerances 
will  be  maintained  through  the  use  of  internal  heating 
when  re(|uired  and  external  heat  dissipation  from  the 
outside  surfaces  of  the  jrackage.  Surface  treatments  for 
the  oiitei  sides  of  the  package  are  currently  umler  anal¬ 
ysis.  the  optimum  coatings  to  be  specified  to  tiie  supplier 
( fieckman )  when  re(|uired.  The  lunar  night  heating 


Figur*  1 10.  X-ray  diffractemotar  head  (amparalurat 


reipiirement  still  stands  at  approximately  2.0  watts.  An 
effort  is  currently  being  made  to  lower  the  minimum 
allowable  non-oi>erating  temperature  to  reduce  if  not 
eliminate  this  heating  reipiirement. 

\  preliminary  thermal  analysis  of  the  thermal  dif- 
fiisivity  jiortion  of  the  Surface  Geophysical  Expr'riment 
has  rcsultr-d  in  a  recommendation  to  wrap  the  critical 
sti'pping  motor  with  approximately  'm  inch  of  super¬ 
insulation  and  provide  a  .‘i.5-watt  heater  for  a  30-minute 
])reheat  in  the  event  of  lunar  night  operation,  if  has  also 
Iwen  recommended  that  the  heater  wires  be  included 
in  the  motor  wire  bundle  to  iirox’ide  preheating  of  the 
bundle  which  may  be  recpiired  to  flex  .slightly  during 
tlu'  experiment.  This  bundle  will  also  be  wrapped  with 
about  'll!  inch  of  super-insulation. 

The  radiation  detector  thermal  analysis  has  indicated 
that  thermal  isolation  of  the  electronics  package  from 
the  ionization  chamber  will  result  in  a  .satisfactory  de¬ 
sign.  The  ionization  c'hamber,  filled  with  helium  gas, 
will  need  no  lunar  night  protection,  while  only  fract.  1 
wattage  is  recpiirec'  to  maintain  the  electronics  at  its 
minimum  tempi-rature  during  the  night.  Indications  are 
that  the  electronics  j)ai'kage  may  be  designed  to  survive 
lunar  night,  in  which  case  no  auxiliary  heating  will  be 
leipiired. 
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TobU  7.  Soil  analysis  group  night  haaling  raqulramsnts 
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*Afi«r  r«m«««l  ol  higK-voltofl«  power  tupply  from  Comporfmont  A. 

4.  Thwmal  Switch 

Table  8  is  a  synopsis  of  the  ix'rtinent  thermal  test 
results  obtained  to  date  on  the  liglitweight  ahiininiiin 
design.  As  indicated  hy  the  low  total  switch  iimdiictance 
for  the  aluminum  contact  desij'n,  it  docs  not  apiM*ar 
that  the  design  goal  conductanc«‘  of  0.7  btii/hr  ’F  can 
be  achieved  with  aluminum  contact  surfaces.  Empirical 
relationships  indicate  that  the  contact  conductance  is 
directly  proportional  to  the  contact  material  density, 
and  therefore  plating  of  the  contact  surfaces  with  both 
gold  and  copper  is  presently  being  examined.  By  plating 
the  aluminum  contacts,  Uie  better  contact  conductance 
performance  of  these  heavier  metals  can  Ik-  iitili/.ed 
without  sacrificing  the  basic  lightweight  aluminum  con¬ 
struction.  Although  gold  is  superior  to  cop|X'r  as  a 
contact  material,  both  will  continue  to  be  examini*d  since 
gold  presents  great<'r  problems  than  coppi-r  in  Ixrth 
plating  and  lapping. 

Since  the  foil  attachment  in  the  switch  used  t»)  evaluate 
the  gold  plated  contacts  was  p(H)r  (evidenced  by  tin* 
conductance-  data  in  the  table-),  the-  feeil  a.sse-mblie-s  are 
prese-ntly  be-ing  lu-liarc-we-lde-el  at  the-  tips  and  .subse-- 
epie-ntly  .se)lde-re-tl  te)  the-  inne-r  ring  and  i-emtact  plug. 
The-  metheed  is  ade-epiate-;  heewe-vc-r,  an  inspe-ctiem  te-eh- 
niepie-  must  be-  de-ve-le)pe-el  tee  e-nsure-  geeenl  je)ints  prieer 
le)  thermal  te  sting  e.f  ceemple-te-ly  asse-mhh-el  .switch  units. 


With  the  e)bj(-ctive  e)f  fabricating  the  thermal  switch 
case  fre)m  a  material  capable  of  withstanding  the  257* F 
lu-at  sterilizatiern  temjierature,  the  search  for  an  alterna¬ 
tive  te)  poly.styrene  has  cerntinued.  As  previe)usly  indi¬ 
cated,  erne  alternative  is  Ablatalite,  manufactured  by 
Thioke)!.  A  ca.se  with  a  15-mil  wall  thickness  has  been 
successfully  muchine-d  freim  this  material.  The  elastic 
me)diihis  e)f  Ablatalite  has  been  measured  and  found  to 
be  :1  X  lb’’  p!-'.  which  is  adeejuate  for  this  application. 
Mute-rials  te-sting  will  cemtinue. 

Bt-xe>lite  is  also  under  investigatiem.  This  material  has 
structural  properties  similar  te>  polystyrene  but  has  a 
higher  te-mperature  capability. 

5.  Compartm»nt  A  Sup*r-lntulaffen  Tasfs 

The-  primary  purpose  e)f  the  Compartment  A  super- 
insulatie>n  te-sts  will  be  te)  de-ti-rmine  if  the  ceimpartment 
the-rmal  de-sign  as  pre-se-ntly  cemceived  is  capable  of 
maintaining  the-  ()‘F  inte-rnal  te-mix-rature  during  lunar 
night.  The-  e-lfi-ctive-ne-ss  erf  the  multiple-layer  radiation 
in.sulatiern  will  be  e)f  particular  inU-rest. 

Figure  111  sheews  the  basic  thermal  tray  equipped 
with  te-n  thermal  switches.  The  outer  compartment  shell 
and  its  multiple-layer  radiation  insulation  liner  are  also 


Figure  111.  Basic  thermal  t- 
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Tabu  8.  Tharmol  switch  conductance  data 


Ty^  pf  conlocf 

Surfocp  qwolity,  micrp-inchtt 
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“Corrolotod  vocuum-tiit  doto  from  Roforonco 

I 

incliidfd  in  tlic  t'xpltKlcd  xii-w  .sliown  in  Finnn-  112. 
Tills  c'oinpurtnu'nt  thermal  model  has  ht‘en  eompleted 
and  instrmnentt'd  and  is  ready  lor  test. 

The  strnetiiral  supports  are  e<inivah-nt  thermally  to 
those  of  the  final  (aimpartment  .\  design.  Kaeh  support 
is  eipiipped  with  a  hloekinjj'  lieater  on  its  <'\ternal  »‘nd 
so  tliat  the  lieat  Ihix  tliroii^li  any  Kh'on  .support  eaii  he 
nulled  during  tlie  test.  'I'he  super-insulation  eonsists  of 
1(K)  separate  slu-ets  of  ahimini/.ed  iinlar  individually 


hand-wrinkled  to  minimi/('  the  eontact  area  between 
sheets.  .Ml  ednes  are  interleaved  so  that  no  direct  thermal 
eonneetions  exist  between  the  inner  and  outer  sheets. 
Ten  thermal  switches,  less  their  eontact  closure  mecha¬ 
nisms,  are  mount(‘d  on  top  of  the  thermal  tray.  The  open 
switch  I'ondiietanee  of  the  thermal  switch  is  simulated 
in  tliesi'  units, 

•Subsystems  that  dissipate  power  within  (Compartment 
.■\  duriiiK  the  lunar  ninht  are  simulated  in  the  test  unit 


Figure  112.  Compartment  thermal  model 
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by  heater  blankets  bonded  to  the  thermal  tray.  Thermo¬ 
couples  have  been  installed  at  50  locations  both  inside 
and  outside  the  compartment  to  enable  a  complete  com¬ 
pilation  of  all  heat  loss  contributions. 

The  cold-wall  installation  in  Hi-Vac  I  has  been  de¬ 
layed.  Current  planning  calls  for  the  tests  to  begin  in 
mid-December. 


6.  Coatings 

Table  9  summarizes  the  current  status  of  the  material 
testing  being  conducted  for  Hughes  Aircraft  Company 
at  UCLA.  The  data  for  the  aluminized  Mylar  and  Tedlar 
are  being  repeated  since  the  solar  absorptance,  a,  should 
have  been  determined  as  a  second  surface  mirror  ( look¬ 
ing  through  the  film).  It  is  anticipated  that  the  Hughes 
Gier-Dunkle  spectral  reflectance  equipment  will  be  in 
operation  in  early  1962  and  therefore  will  relieve  the 
scheduling  problems  associated  with  routing  samples 
through  the  UCLA  laboratory. 

Pending  conclusion  of  an  investigation  of  the  pro¬ 
posed  bonding  material,  a  tentative  decision  to  use 
second  surface  mirrors  (Vycor)  for  the  main  radiating 
surfaces  of  MT-1  has  been  made.  The  mirrors  must  be 
bonded  to  the  substructure  with  a  high  conductivity 
bond;  therefore,  two  such  techniques  are  currently  being 
explored.  The  first  involves  a  sweat  solder  joint  using 
an  indium  alloy  and  the  second,  a  silver-loaded  epoxy 
resin. 


Tabu  9.  Coating  propartim  data  from  UCLA 


folor 

lofrororf 

obiorptowco, 

owlWooco, 

o/f 

<1 

c 

Vycor  No.  7910-  1/Uinch 
thldi*  olwminliod 

0.122 

0.154 

0.14 

Vycor  No.  7910  -  1  /•  inch 
•hick,  otwoilniiod 

0.114 

0.454 

0.13 

Mylor  —  0.010  toch  thick, 
olwminiiod 

0.095* 

0.90* 

— 

Todlor  Typo  200.A20  -  0.004 
inch  thkk,  olwoiinicod 

0.102* 

0.452* 

— 

Dililor  whilo  polnl 

0.244 

0.910 

0.24 

Typo  1199  foil  —  onodiiod 

0.2  mil  film  tfilcknou 

0.152 

0.717 

0.212 

0.4  mil  film  fhickiiou 

0.144 

0.744 

0.214 

0.4  mil  film  IhicknoN 

0.174 

0.799 

0.220 

0.1  mil  film  thicknoii 

0.145 

0.414 

0.224 

*A»  firtf  •wrfoco  mirror. 

*At  Mcofid  ftwrfoco  mirror. 

Although  confirming  data  have  not  been  obtained, 
early  indications  are  that  a  Hughes-developed  inorganic 
white  paint  will  prove  useful  for  general  spaceframe 
applications.  This  coating,  while  not  as  effective  as  the 
second  surface  mirrors,  should  have  a  solar  absorptance 
between  0.20  and  0.22  and  an  infrared  emittance  be¬ 
tween  0.8  and  0.9. 


7.  Thormal-Vaeuvm  Tosts 

Three  separate  120*  sectors  (designated  MT-1)  of 
the  spacecraft  structure  complete  with  thermal  mockups 
of  the  appropriate  subsystems  are  to  be  tested  under 
lunar  day,  lunar  night,  and  transit  environments.  The 
Hughes  cold-wall  vacuum  chambers  to  be  used  for  this 
testing  are  expected  to  be  ready  in  early  March.  Lunar 
night  testing  of  all  three  sectors  will  be  performed  for 
several  months.  Lunar  day  and  transit  testing  will  begin 
in  June,  corresponding  to  delivery  of  the  first  solar 
simulation  unit. 

Because  the  chambers  will  have  a  maximum  working 
height  of  8.5  feet,  the  solar  panel-antenna  assembly  can¬ 
not  be  extendc'd  to  its  postlanding  position.  In  order  to 
maintain  the  propt'r  thermal  radiation  geometry  during 
the  lunar  day  testing,  it  will  be  necessary  to  scale  down 
the  MT-1  solar  panel  and  planar  array.  Preliminary  anal¬ 
ysis  indicates  that  the  linear  array  dimensions  can  be 
scaled  directly  to  the  distance  of  the  array  above  the 
compartments,  with  negligible  errors  resulting. 

The  design  of  the  MT-1  spaceframe  sectors  is  nearly 
complete.  Thermal  mockups  of  all  subsystems  are  to  be 
available  for  installation  beginning  in  January. 


H.  Engineering  Mechanics 

1 .  Touchdown  Dynamics 

Recent  studies  of  design  data  have  shown  that  the 
ranges  of  center  of  gravity  and  radius  of  gyration  are 
e.xpectixl  to  be  16  to  18  inches  and  28  to  32  inches, 
resiK‘ctively.  W'ith  use  of  these  data,  maximum  landing 
gear  loads,  vehicle  acceleration  levels,  and  stability 
boundaries  bas  e  lieen  established.  Load  levels  have  been 
calculated,  using  A  eg  and  k  values  of  16  and  28  inches, 
respectively,  to  give  worst-condition  loads.  ( A  eg  denotes 
the  center  of  gravity  height  above  spacecraft  station 
47.48,  the  plane  of  the  landing  gear  pivot  points.)  Sta¬ 
bility  calculations  were  made  with  A  eg  =  18  inches  and 
k  .32  inches  to  give  tlii'  worst  stability  conditions. 
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In  previous  bimonthly  progress  summaries,  rigid  body 
acceleration  levels  have  been  presented,  since  the  order 
of  magnitude  of  the  amplification  factor  associated  with 
these  loads  had  not  been  determined.  Subsequent  anal¬ 
ysis  has  indicated  that  shock  amplification  for  the  touch¬ 
down  loads  is  approximately  2.  Since  rigid-body  loads 
and  those  incorporating  shock  amplification  may  not 
have  the  same  maxima  as  contributing  parameters  are 
varied,  the  examination  of  touchdown  loads  recpiires  the 
use  of  the  shuck  amplification  factor  to  obtain  a  true 
indication  of  maximum  loads.  Therefore,  the  loads  in 
this  report  are  actual  loads,  rather  than  rigid-body  loads. 

A  more  precise  definition  of  touchdown  velocities  and 
attitude  has  resulted  from  more  rigid  specifications  on 
flight  control  parameters.  Figure  113  shows  the  3<r  and 
10<r  dispersion  ellipses  for  altitude  and  vertical  descent- 
velocity  at  vernier  cutoff.  From  this  plot  corresponding 
values  of  touchdown  ver'  i-al  velocity  can  be  ascertaintnl. 


Figure  113.  Effects  of  flight  control  dispersion  on 
touchdown  conditions 


Figures  114  and  115  contain  the  3ir  and  10<r  ellipses 
relating  touchdown  lateral  velocity  with  touchdown  atti¬ 
tude.  These  results,  and  those  in  Figure  116,  are  based 
on  the  following  conditions; 


Spacecraft  weight 
Radius  of  gyration 
A  CR 

Site  slope 

Amplification  factor 


772  pounds 
28  inches 
16.05  inches 
15  degrees 
2 


The  effect  of  spacecraft-to-lunar  surface  friction  co¬ 
efficient  (/i)  on  antenna  lateral  acceleration  has  been 
extensively  investigated  for  0  ^  1.0.  Maximum  lat¬ 

eral  antenna  loads  occur  at  /x  =  1.0  (Fig  114),  and 


-•  -«  0  «  a  12 


TOUCHDOWN  INCIDENCE. d>9 

Figuru  114.  Antunno  Inturol  occuluraHen 
20  ft/suc  touchdown  vortical  volocHy 


Figure  115.  Antonno  lateral  acceleration 
15  ft/sec  touchdown  vertical  velocity;  ;i  a  1.0 
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on  the  basis  of  tlie  3<r  dispersion  ellipse,  a  maximum 
acceleration  level  of  32  ghas  been  established.  This  result 
corresponds  to  a  touchdown  vertical  velocity  of  20  ft/sec, 
which,  from  Figure  113,  is  outside  the  10<r  dispersion 
ellipse.  A  15  ft/sec  touchdown  vertical  veliKity  (corre¬ 
sponding  to  approximately  3(r )  yields  u  level  of  only  28  g 
on  the  basis  of  a  lOa  dispersion  ellipse  (Fig  115). 

“Package”  acceleration  refers  to  the  vertical  accelera¬ 
tion  of  a  point  displaced  laterally  30  inches  from  the 
center  of  gravity.  It  was  determined  that  maximum  pack¬ 
age  accelerations  occur  at  low  values  of  /».  Figure  116 
shows  the  accelerations  corresponding  tti  ft  ---  0.  The 
established  design  value  of  27 lies  well  outside  the  .3ir 
dispersion  ellipse. 

Another  effect  of  the  correlation  betww*n  touchdown 
lateral  velocity  and  incidence  attitude  has  lH‘en  to  estab¬ 
lish  the  maximum  sh(Kk  absorber  compressive  load  at 
8000  pounds.  This  load  corresponds  t<i  vertical  and  lateral 
velocities  of  20  and  5  ft/sec,  respectively,  with  /.••ro 
attitude  and  =  1.0. 

A  more  detaik'd  investigation  has  bt'en  made  of  the 
landing  gear  foot  pad.  As  the  contact  area  of  the  foot 
pad  increases,  the  moment  arm  of  the  resulting  t>ccx*ntric 
vertical  force  decreases,  resulting  in  a  h'.niting  torque 
which  can  be  applied  to  the  rigid  arm.  Since  this  torque 
is  a  major  contributor  to  tl  e  rigid  arm  design,  every  effort 
is  being  made  to  reduce  it.  The  density  of  the  f(H>t  pad 
has  therefore  been  reduced  from  6  to  3  Ib/ft'*  in  order 
to  reduce  the  tor<|ue  from  12,(XK)  t<i  75(X)  lb-in. 


Spacecraft  touchdown  stability,  on  site  slope  of  15 
degrees,  has  been  more  thoroughly  investigated  for  a 
higher  center  of  gravity  and  larger  radius  of  gyration. 
Parameters  used  in  these  studies  are  as  follows: 


Spacecraft  weight 
Radius  of  gyration 
A  eg 

Initial  spacecraft  incidence 
Spacecraft  pitch  rate 
Shock  absorber  parameters 


772  pounds 
32  it  hes 
18  inches 

—  5  degrees 

—  1  deg/sec 

Nominal 


As  exiiected  (SPS  37-12)  the  stability  is  lower  with 
these  parameters.  Figure  117  shows  the  allowable  lat- 
t‘ral  velocity  as  a  function  of  site  slope,  as  shown  in 
SjMce  Programs  Sumttuiry  37~12. 

If,  regardless  of  vertical  touchdown  velocity,  the  smallest 
lateral  velocity  which  results  in  toppling  for  a  given 
site  slope  is  denoted  maximum  allowable  lateral  velocity 
and  is  plotted  versus  site  slope,  the  result  is  as  shown 
in  Figure  117.  Actually,  this  value  of  lateral  velocity 
occurs  at  a  vertical  velocity  between  9.5  and  10.5  ft/sec 
for  site  slope's  of  10  to  30  degrees.  Consequently,  at  a 
nominal  vertical  touchdown  velocity,  there  is  in  general 
more  stability  than  is  shown  in  Figure  117.  Furthermore, 
the  32-inch  radius  of  gyration  is  an  absolute  maximum, 
so  that  for  the  expected  value  of  about  30  inches,  the 
vehicle  will  be  more  stable. 

The  effect  on  stability  of  tbe  variation  of  friction 
cot'fficient  is  being  investigated  for  the  same  configuration 


TOUCHDOWN  INCIDENCE. dt« 

Figure  116.  Package  vertical  acceleration 
20ft/iec  touchdown  vortical  velocity;  ft  m  0 


Figure  117.  Allowable  lirteral  velocity  vs  sito  slopo 
4  >  1.0 
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(A  cfi  —  18  int'lu’s  and  k  "  .32  inclifs).  Tlic  results  fi>r 
a  15  degree  site  slope  are  indicated  in  Figure  118,  wliieli 
shows  the  instability  region  boundaries  for  various  fric¬ 
tion  coefficients.  Tlu>  line  denotc'd  “abutment”  corresponds 
to  a  stability  boundary  derived  from  a  liiuMri/i'd  solution 
for  tbe  casi'  of  rotation  about  the  double  leg  contact 
point  with  no  .shock  absorber  action  (gravity  force  being 
the  only  retardant  to  toppling).  There  is  an  indication 
that  very  large  friction  coefficients  will  give  stability 
boundaries  which  approach  this  “abutment"  curv<>.  This 
high  friction  characteristic  is  <‘specially  significant  for 
the  case  of  penetration  and  lateral  motion  through  an 
extremely  soft  surface.  Although  tin-  force  resisting  lat¬ 
eral  motion  would  be  drag  rather  than  .surface  friction 
for  the  soft  surface,  the  large  lateral  force  would  lx- 
roughly  ssnonymous  in  the  case  of  stability. 


2.  Full-Scale  Drop  Tests  (T- 1) 

Th(>  .scaffold  for  the  sinudated  lunar  landing  drop  t<‘sts 
of  T-1  has  been  erected  (Figure  119).  The  .scaffold  is 
40  feet  high.  £0  lei't  \\id<’.  and  .50  feet  long.  track  will 
Ix'  mounted  in  the  center  of  the  20-f(xit  span  at  tlx- 
40-f(X)t  height  and  will  run  the  fidl  h'ligth  of  .50  fix't. 
The  anti  grav  ity  svstem  will  operate  from  this  track  and 
will  follow  the  spacecraft  as  it  travels  dov  n  and/or  paral¬ 
lel  to  the  track  e.xerting  a  constant  vcrtival  force  of 
approximately  Fvarth  g  on  the  test  v<  hi<le.  Tlx*  track 
itself  is  about  two-thirds  com|)lete  and  ready  for  instal¬ 
lation.  The  anti-gravity  system  has  been  lest<*<l  sueeess- 
fully  to  full  load  capaeitv  .  Tlx*  pistons  aixl  c\liixl«*rs  lor 
the  system  bavt*  bet*n  built. 

A  .s<*arch  has  begun  for  a  landing  surfact*  material  lor 
the  soft  lunar  surface  that  will  offer  a  ri*Nistatxe  of  It) 
Ib/in.-  for  I  fiK)t  of  d(*lleetiou.  Thr<*(*  materials  hav<* 
been  .scr«‘eix*d:  ndiberi/i*d  horsehair.  \vo(xl  shavings,  aixl 
peat  moss.  The  rubbi*ri/.<*d  hors(*hair  was  too  soft  to  Ix* 
considered.  Of  tlx*  otlx*r  two,  p(*at  moss  appe.us  the 
more  promising. 

A  design  for  tlx*  harri  surfact*  landing  platform  has 
been  formulat<*d.  Tlx*  basic  crit»*ria  for  the  design  is  that 
the  platform  shall  ab.sorb  ix)  more  than  ()..5V  of  the  total 
en(*rgy  available*  at  T-1  impact.  'Ibis  criteria  ri*sulteil 
in  a  r(*(iuir<*m(*nt  for  extr(*nx*  strueliiral  stilfix*ss  (about 
9(K).(KK)  Ib/in).  S(*v<*ral  i*onslru(*tion  .seh(’itx*s  \M*r(*  eon 
.sid(*red  and  subject<*d  to  both  analys(*s  and  t<*st.  iix*hxling 
r(*inforc(*d  coni*ret(*  d(*signs,  st(*(*l  (h’signs,  variexis  slabs 
su|)ported  by  i*ompaet(*d  (*arth,  and  similar  seh<*mes.  Tlx* 
design  that  was  finally  s(*leet(*(l  on  tlx*  basis  ol  tlx* 
comparative*  stixly  is  a  plalleirm  eeeustriiete’el  eef  10  b\ 
!('  iiX'h  wexeele'ii  timbe*rs  laiel  siele*  bv  siele*  le)  leerm  a 


Figure  118.  Effect  of  friction  on  itobility  boundaries 
1 5  deg  site  slope 


Figure  1 19.  Scaffold  for  simulated  lunar  landing  tests 
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solid  surface.  The  surface  will  be  .supported  on  a  frame¬ 
work  utilizing  12  by  12  inch  timbers  as  beams  and 
columns. 

a.  Tett  facility  cheekota.  A  series  of  test  drops  of  a 
test  mass  (not  T-1)  onto  a  15  degree  site  slo]ie  surface 
will  be  made  as  a  final  check  on  the  operation  of  the 
anti-gravity  device.  The  test  mass  will  be  equippt‘d 
with  skids  or  wheels  which  will  allow  the  mass  to  move 
freely  down  the  slope.  The  anti-gravity  cable  force  will 
be  monitored  and  the  ability  of  the  cable  to  remain 
vertical  during  the  motion  will  be  observed.  Final  adjust¬ 
ments  to  the  test  apparatus  will  then  be  made  as  recpiired. 

b.  Preliminary  teet  plan.  A  preliminary  test  plan  for  the 
25  scheduled  drops  of  the  T-1  vehicle  has  been  formu¬ 
lated.  The  general  categories  of  drops  arc  described 
briefly  in  the  following  paragraphs. 

Instrumentation  checkout.  The  first  il.op  with  T-1  will 
be  made  onto  a  flat  smooth  surfac-e  to  check  the  opi'ration 
of  the  instrumentation  and  give  the  simplest  means  of 
a  first  comparison  between  the  IBM  program  results 
and  an  actual  drop. 

Nontinal  landing  verification.  Two  drops  will  Ik*  made 
at  landing  conditions  corresponding  to  3<r  flight  control 
conditions  on  a  15  degree  site  slope.  These  drops  are 
for  verification  of  expected  landing  stability  and  loads 
and  will  give  situations  other  than  extreme  cases  for 
correlation  with  IBM  results. 

Stability  verification.  Approximately  five  drops  on  a  15 
degree  rock-covered  slope  will  be  made  to  demonstrate 
toppling  stability  as  a  function  of  lateral  and  vertical 
velocity. 

Center  of  gravity  stability  effect  verification.  Two 
drops  will  be  made  to  show  the  change  in  stability  result¬ 
ing  from  a  decrease  in  center  of  gravity  height  for  the 
15  degree  rock-covered  slope. 

Soft  surface  stability.  Approximately  five  drops  will  be 
made  on  a  15  degree  slope  with  a  very  soft  surface 
( attempting  to  meet  the  specified  surface  with  a  bearing 
stress  of  0  psi).  Since  analytic  solutions  for  this  surface 
will  be  extremely  difficult,  the  experimental  investigation 
is  felt  to  be  necessary;  the  drops  will  also  correspomi 
to  an  apparent  high  friction  coefficient. 

f/tgh  slope  capability  verification.  Approximately  four 
drops  will  I  e  made  onto  a  25  degree  rock-covered  sloiw 
to  show  the  steep  slope  capability  compared  with  !•■ 
drops  on  a  15  degree  rock-eovered  sloiie. 


Soft  surface  high  velocity  impact.  Two  drops  will  be 
made  onto  the  15  degree  slope  with  a  soft  surface  to 
show  penetration  and  loading  characteristics  for  a  20 
ft/sec  landing. 

Maximum  load  verification.  Two  drops  will  be  made 
onto  the  15  degree  rock-covered  slope  in  order  to  verify 
the  worst  loading  conditions. 

Three-dimensional  stability.  Two  drops  will  be  made 
onto  the  15  degree  rock-covered  slope  with  a  cross-hill 
lateral  velocity  component  to  demonstrate  three-dimen¬ 
sional  stability. 

3.  Cruthabim  Block  Totit 

At  the  present  time,  developmental  tests  are  being 
performed  on  the  aluminum  honeycomb  material  to  be 
used  for  the  criishable  blocks.  Static  crushing  stress  tests 
have  been  t'ompleted  on  a  flat  ( 0  degree )  impact  surface 
for  a  temperature  range  of  —100  to  300*  F.  The  results 
(Table  10)  indicate  a  decrease  in  crushing  stress  with 
increasing  temperature.  Between  —  100*F  and  room 
temperature,  the  crushing  stress  is  fairly  constant;  it 
then  begins  to  drop  off  with  temperature  until  at  200*  F 
the  stress  is  about  807  of  maximum.  The  block  material 
for  these  tests  was  5052  aluminum  with  a  0.001  inch 
foil  thickness  and  •*»  inch  cells. 

From  the  results  of  these  tests  and  other  considerations, 
the  present  block  configuration  has  been  determined. 
The  configuration  is  a  morlified  hexagon,  approximately 


Tabu  10.  Honaycemb  block  cniihing  Utl 


SpatiiMfi 

NwmbGr 

cvlb 

•F 

Crvihiiig 

ValMily, 

in/min 

crmMiit 

laad,  lb 

1 

264 

70 

0.2 

1760 

2 

264 

70 

0.2 

1775 

3 

264 

70 

0.2 

1750 

16 

264 

70 

20. 

1750 

17 

264 

300 

20. 

1210 

18 

264 

300 

20. 

1350 

\9 

248 

200 

20. 

1550 

20 

264 

200 

20. 

1550 

21 

264 

200 

20. 

1450 

22 

264 

300 

20. 

1375 

23 

264 

-100 

20. 

1890 

24 

264 

-100 

20. 

1950 

2S 

264 

-50 

20. 

1940 

26 

264 

-50 

20. 

1960 

27 

409 

70 

20. 

2770 
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S  itu'lics  ai'ioss  tlu‘  l.ucs,  pn'cnislicd  slii^lilK  li>  allcv  iati' 
till'  M'i\  lii.nli  initial  i  iiisliinn  sln  ss.  On  tin'  pirirnslii'il 
snilai'c  tin'll'  w  ill  In'  a  tliin  slii'i't  nl  I'lii  i  n^ati'il  alniniinnn 
ili'sinni'il  to  pnn  iili'  a  laiitc  lii'arini^  Mirlari-  lor  laiiiliin^ 
on  a  M'ly  solt  sinlaif,  wliilc  still  prin ailing  inr.nis  lor 
trappi'il  air  to  I'siapi'  Iroin  tlio  lolK  ilnrini^  llio  lioost 
pliasi'. 

Otiii'r  ti'slin^  in  pio^ioss  or  pl.nnn'il  iin  lnilcs  iKn.nnii 
irnsliini;  .it  iinpait  xiloritii  s  ol  lo  .mil  ill  It/sic  on 
Mill. Ill's  witli  till'  imp, lit  slopi'  \.n\im;  np  to  10  ilrun-i's 
anil  ti'sis  to  ili'ti'i mini'  tlio  lilnt  ol  s.nnnin  on  tin- 
I'insliint;  stn  ss.  tlio  i.ni.ilion  ol  rinsliinn  stii-ss  witli  .ni'.ili' 
ol  .ipplii'il  lo.nl.  .mil  tin'  rlli  rls  ol  Irii  tion  i  oi  llii  it  iil 

4.  Shock  Absorber  Development 

'I'lii'  ili'linitiM'  snlironli.n  l  with  tin-  N.ition.il  \\  .iti-r 
Lilt  (aiinp.nn  i\\\l.'  ol  K.il.nii.i/oo,  Mnliin.ni,  li.is 
lii  Tii  lin.ili/i'il.  I  hr  i  onslnii  lion  ol  thr  trsl  inoililii  .ition 
piolotxpr  inoili'ls  lo  hr  iisril  on  1  I  .mil  S  2  is  nr.n 
I'oinplrlion.  .mil  pn  loi  iii.nn  r  Irstim;  will  sl.nl  thr  l.ilirr 
p.nt  o|  1  )ri  rnihri .  1‘irsrnl  nnhr.ilions  .nr  ih.il  thr  imils 
Wll!  hr  ilrhirlril  ,is  srhrilillril  r.n  K  III  |.mn.n\. 

I'.strlisiNr  ilr\ rlopinrlll  h.ls  lirrli  i.nilril  out  lo  il.llr. 
Ininirill.lli'K  on  srirrilon  ol  h.isir  .h.llt  .mil  sr.il  ilimrll 
siolis,  ,1  sr.il  lr,lk,r.:r  list  iliAlrr  I'V^  1  JO  W.ls  hoill 
rhr  sihron  linn  I  in  tin  i  \  Inn  In  is  mn  In  spn  ilinl  pnh  >.nl 
I'Olilhlions.  .mil  thr  sr.il  Is  iilrnlii.ll  lo  lh.it  w  hu  ll  w  ill 
hr  nsril  ill  llr^lil  nioilrls,  I  his  li  st  ihiphr.ilrs  sloi.im- 
i  onihl  ions  .mil  will  li.ui  hrni  in  piot'irss  loi  .llmost  J 
M'.ns  .it  thr  liiiir  ol  thr  S(  !  I  l.innih  l  lir  srinp  is  krpi 
III  .1  trinpri.iliiir  rontiollril  loom,  siiirr  trmprl.ltmr 
N.ni.ilion  ol  thr  nir.isniinu  liihr  will  iinln.itr  .1  1  h.mur 
in  Mihiinr  Min  appi o\nii.ilrl\  J  nionihs  thrir  h.is  hrni 
no  .ipp.nnil  lr.ik.i'.ir. 

I'.\  ahi.ition  ol  thr  1  .1111  ilrirnt  Is  hrinu  pnloimril 
on  thr  ilr\ rlopnirnl  iiioilrl  shown  III  l'ii;inr  IJI.  \Imoi 
nioililii  .il ions  as  ,1  irsiill  ol  this  trsl  ilriirr  h.iM'  .ihr.nK 
inipioM'il  thr  1  h.ir.ii  In  isl irs  ol  this  loi  k  imilrr  irpr.ilril 
oprialion.  I  hr  hir.ik.iw.ii  lour  Mrrrss.iis  lo  o\  ri  romr 
Ihrsr  loi  ks  h.ls  hrni  shown  lo  hr  \ri\  lonsisinil. 

\  n  pi  rsriil.il  i\ r  nlniilri.  pisloii,  .mil  mrlniii'.;  pm 
assniiliK  h.ls  hrni  i  onslini  Ini  loi  r\ .ihi.ilion  ol  spi  im; 
anil  il.ini|)nn;  i  h.ii.n  In  islirs.  I’irhmm.nv  Irsimu  w.is 
lonihiriril  wilh  ihr  .issrmhK  impl.ilnl.  Il  w.is  loiniil 
ih.il  pl.ilnii;  W.IS  ilrlilillrh  iri|iiilril.  so  ihr  mill  h.is 
hern  pl.llril  .iilll  IS  ir.iilv  loi  IrIrsI 

\  1  rpi  I  snil  .il  l\ r  sr.il  lisinir  h.ls  hrni  1  onsl  1  m  In  I 

whnh  will  hr  Sllh|nl((l  In  irpr.llnl  hr.ll  si  r  1  1  h/.lt  |i  >1 1 


Figure  120.  Leakage  test  of  shock  absorber  seal 


rirlrs  to  ilrtrl  ininr  thr  ili'Urrr  ol  ilrrrail.ltion  ol  sr.lls 
.mil  siliron  Ihiiil  Imni  this  piorrss.  'I'liis  ilr\ rlopinrnt 
list  will  hr  lollowni  h\  sin  ili/.ltion  l\ pr  .ippiov.il  Irsts 
ol  piotoU  pr  ninis. 

Irsl  lislinrs  nrrrss.ns  lor  thr  pri  lonnaiirr  trstinn  ol 
ihr  I  I  .mil  S  J  shoi  k  .ihsoihns  ,nr  lir.nh  romplrlril 
llirahrs  pnsoniirl  will  hr  prrsrni  lor  ihr  lirl'toi  m.llli  r 
.Irrrpl.niir  Irsis. 

Ihr  spi  inu  hrllow  s  Irmpriatnrr  i  ompriis.iloi'  shown 
III  Sjiiii  I'  /’loi.'iiiniN  SininiKiii/  ,Vo  iT  /J  h.is  hmi 

. . .  lo  hr  imilrsii.ihlr.  I’rrssin  i/ril  ^,is  is  now  pl.mnril 

.IS  ihr  mr.ms  ol  m.iiiil.iiiiiin;  ,i  ronsl.nit  inrlo.ul.  .\  lirr 
llo.iinni  pislon  will  hr  nsril  lo  srpaiatr  thr  ij.is  .mil  siliron 
Ihnil  in  thr  list  nioililir.ilion  piototsiir  moilrls  Mow- 
r\ri.  .1  hull!  hrilows  will  hr  nsril  as  a  sr|).n'.itin'4  nirm- 
hi.nir  on  thr  lliuhl  moilrls  to  rlimin.ilr  thr  possihililv 
ol  H.IS  .mil  llniil  inin  nnsnn;  p.ist  rl.islomn  ii  sr.ils.  Thr 
in,i|oi  "lrsii;n  piohirm  irm.iiniin;  is  thr  i  onsli  nrtion  ol 
ihr  l.ipriiil  til.nimm  Inhr.  \  Inhr  whirh  is  lollril  .mil 
Insioii  wrlilnl  piioi  lo  hr, it  lir.ilmrni  is  now  niiiln  lining 
ilnrlopmrnl  Irslinr. 


5.  Structural  Criteria  and  Loads 

Srin.il  siynilir.ml  i  h.mrrs  h.i\r  hrrn  ni.iilr  in  ihr 
slinrlm.il  ilrsi^n  rlilrii.i  sinrr  ihr  issn.mrr  ol  thr  I’lr 
hmni.m  Slinrlm.il  (  iilni.i  .mil  l.o.iils  ilormnrni  ilr- 
si  I  ihril  III  S/’S  >r  /J  \l.ii'.;msol  s.ih'h  loi  rslirmrK  i.nr 
l.inilim’  lonilitions  h.i\  r  hrni  irihirnl  Itom  0  on  \  irlil 
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Figure  121.  Testing  of  shock  absorber  cam  detent 


.111(1  Mil  iiltiiu.ili'  sill  iinfli  III  Im  li'i|iiiii'iiii'iit 
(III  sii'KI  .iiul  11)',  III!  iilliiii.ilc  I'aIi  ciiiclv  i.iic  (  uiidilidiis 
.irr  liidsc  ill  \s  liicli  liic  [)]d}i,i)iilil\  dl  d(-(-ni  I  I'lici'  is  Irss 
til. Ill  till'  'hi  livrls  dt  iidiin.llK  illsll  ilinlcd  cMiits  III 

iiililitidii.  Mil,  lIDHk  ’)  Is  iii.itci i.il  stii  iii;lli  \,iliii  s  iii.u 

tic  Used  in  |il,n  c  dt  "  \  s.ilucs  m.isiinn  li  .is  "It  (.dues 
lie  cldsc  Id  till'  1,1  lilies  \lllli  I  dllliilelli  e.  llie 

(ipei.itiiit;  iidini  ldi  Sum  i  i/ei  i I'li.iliilif \  .m.iKses  ltdtii 
these  ell. Ili”es  pel  Mill  designs  iit  liiUei  sseinlit  I li.lll  (  niitd 
he  l  e.ill/ed  h\  the  iii  1^111, ll  1  ei  |iiii  eiiieiil s 

III  (lldel  td  .ISdlil  lllinei  ess.ll  \  Uei'J,ht  pell. lilies  .llisilit; 
lldlll  iilieei  t.lllit  les  III  llilelli.il  iii  esieiii.il  Id, id  est  nil. it  Kill 
III  stiess  .ili.iK  SIS  ,1  pdhi  \  ss.ls  .idiipled  tii  desimi  the 

sp, 11  ell. line  .111(1  .ill.ii  hnieiit  hi.iikelM  tdi  the  s(i in  Ini.d 
ts  pe  .ippi  dS  .il  test  \  ehii  le  td  S  i '  .  el  (he  Id. ids  jii eseiitei  1 
III  the  (lltiii.i  (Idi  iilnenl  In  (ilili  l  In  pi  d\  e  the  '  ld\s 
weiuht  sp,iee(i,i((  .iili'UM.ite  Idi  1(K)  ,  ill  the  lii.ids,  Sj 
Will  he  slih|ei  (ed  td  10(1  .  el  the  estein.llls  .ipplied 
In, ids,  Slinilld  it  pinse  ,lde,|n.i(e,  iKlI.iniie  lesjKiiise.  in 
tein.il  I'l.ids  ,iiid  stiess  .iii.lh  sis  will  |)e  lesised  li)  sliiiw 
this  .idei|ii,ies  .  shiiiild  it  piine  lli.ldei|il,»te.  mils  the 
hiililiL;  p.iits  need  lie  st i eietthi  iiei  1  In  this  w,i\  iiliiieees 
s.iis  sliiiitni.il  ssen^ht  ssill  he  eliiniii.iled  inini  lli^ht 
sp.ieeei  .dt . 

(  .dinpntei  l  iiunieei  ill”  kssdci.ites  h.is  s.ilisl.ii  Im  ils- 
('(ilnpleled  I’h.ise  |  n)  (hell  .in.lldtj  edinpiitei  studies  dl 
the  (Kn.iniii  ies|)dnse  dl  the  spiieeernit.  Thes  ,iie  pres 
entls  pidieedini;  with  Ph.ise  II  .leedidilii;  Id  ii  ssoi  k 
st.iteiileiit  wliiih  w.is  iiiddllieit  (d  t.ike  .leedlliil  dl  (he 
lesiills  d)  I'h.ise  I  1  he  iiiddilii  .itidiis  iiisiilse  the  iiidileel 
nieiisiiieineni  d)  (1\ n.linie  stiesses  in  the  Sji,ieell.lllie. 
duel  I  nie.isiii,  nieiit  Ii.imiii;  heeii  hiniid  to  he  iiiipiissilile 
liee.inse  iil  the  iiiniplesits  (il  the  sp.ieeei. ill.  'liie  Wdlk 
IS  pidHiessiiiii;  dll  SI  hediile,  .ind  shdilld  he  eonipleled  h\ 

|.llin.il\  1  P/tid, 


6.  Acoustic  Test  Plans 

I’l.iiis  .lie  pieseiills  heii)s>  loriiiiilateil  tor  siihjei  tiiif* 
the  S  1  SI  hii  le  tn  the  niiise  lield  ^elieniteii  h\  .1  |■(H•ket 
i  iieiiie  .it  the  Uinketilsiie  lest  I.U'ilits.  I'lie  jiriliuns  ])nr- 
pnse  dl  this  (est  is  In  detelllline  stlUetUV.ll  lespdiise  to 
.iidiistu  esi  il.itimi  .  .ihdiit  Id  eh.lliliels  dl  .III cleiMtidti 
.(11(1  sti.iiii  U.!”!'  il.il.i  will  he  t.ikeii  >.  (Iiirieiit  sehediihlie 
IS  Im  kite  |,">".ii\  m  e.iils  1' eliiiMi \  lOhd.  ( .iinipdiieiit 
siijipheis  h.ise  heeii  insiled  td  snhstitiite  eoiilli.lftillelit 
pidtdtspes  till  (he  S  I  diiiiiim  Hints  in  mdef  td  deter- 
iiiiiie  dll  ,1  i^d  lid  tin  h.isis  the  sti  111  Pir.il  .ideipi.ies  nl 
till  il  (  dinp.ii  t nieiit  designs. 

7.  Lateral  Vibration  Test  (5~1 1 

I  he  .S  I  l.itei  .il  \  ihl.ilidii  test  w  .Is  ediiipleted  on  .Nils  em- 
hei  do  I'ttil  D.it.i  \seie  (ilil. lined  Im  .ill  s (iiifii'ni .itiiiiis 
,111(1  iiimiiiliint  iliieilidiis  iiieliided  in  the  ilet.iiled  test 
pi. Ill  I'lie  1  diiliLtni.itidlis  tested  Weie:  i  1  '  ,S  I  iiKiimted 
iittidls  (d  the  silii.ilimi  t.ilile,  id'  .S- 1  iiKiuiiled  dll  the 
shell  inlcK  diiiiei  t  .111(1  I  >1  S  I  [Uduntesi  dll  the  shell 
iiitcK  diinei  t  with  d.iiiipiiitt  t.ipe  , ipplied  to  the  inside 
111  the  intetediiiii  ( (.  I  'i^iires  Idd  and  Id  )  show  the  S-1 
test  setup  Im  the  liist  twn  (est  ednliunratinns.  The  hard 
iiimint  siniiil.iles  input  deseiilied  lis  [I’l,  Siieeilieat inn 
iOd  1(1,  whw  h  spei  ilies  dills  mie  s.iliie  nl  .leeeler.itidn  in 
,i  i;isen  (liieitidn.  Ml  (iiiee  siijipoits  tlieieldve  .ire  siih- 
|e(  ted  td  (he  s.inie  input.  The  sei'und  test  iimh^uiation 
ss.is  intiddneed  tii  shiiss  ilesihilits  elleets  nl  the  intei- 
(diinei  t  Input  \  ihi.itidii  lesel  Im  nuist  S-1  tests  ss.is 
'i  u  nils  ( iMiespiindinii  td  .iluint  iine-thiid  the  jl’I. 
Spei  liii  .itldll  lOd  lO  leipiilenient, 

Ikil.i  leiliK  tidii  h.is  heeii  hettnii  .111(1  will  he  siiinpleted 
III  kite  l)eeenihei.  P/hl  I  he  IdlldSsini;  iiilorin.ition  is 
h.ised  mi  ikil.i  .in.ils  /ed  to  (kite 
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Figure  122.  S-1  lateral  vibration  test  (Configuration  A-1) 


Figure  123.  S-1  lateral  vibration  test  (Configuration  B-1) 


r.ilili'  II  tlic  in.i\iiiiiiiii  .uii|)lili(  .itiiiii  i.ilios 

wliirli  ixriillril  (luiili‘4  (lie  li.ild  llioiiiit  tests  .iikI  tin- 
hcqiieiu  ies  .it  wliieli  tliese  iii.i\iiii,i  neetincil.  Tlu'  .le 
eelei I niietel'  lii(.(ti(ins  .did  .(Ms  niit.itiuii  .He  defined  ill 
|■'lHnle  12  1. 

I'lenie  12')  .llDWS  III.IMIMIIIII  \ll)l,ltol\  .11 1 1 1  ll  it  I  111) '  ( >1 
tlie  siil.u  jl.lliel  diiilli^  lesdii.lliee  t.ikell  IidIII  .1  ll|i)tioii 
imtiiie  1(11  tlie  second  test  ( onlieiii ation.  1  lie  panel 
motion  li.is  .1  donlile  .implitnde  ol  2 '>  inelies  .it  the 
liollom  .111(1  I  S  iiK  lies  ,it  the  top  loi  input  \ihi.ition 
.(iii|ihtiide  .ilioiil  one  thiid  the  speeilied  \.ihie.  The  pho 
lo^l.iph  .ilso  shows  the  (  h.ii  .letei  istie  eollision  hetweeii 
solai  p.iiiel  .111(1  m.ist.  The  white  e\liiidei  in  the  lore 
i;ioimd  IS  the  simiil.ited  siihsiirl.iee  s.iinplei.  Althoiii^h 
not  ol  lin.il  lli'.;ht  design,  the  h.ill.ist  sol.ii  p.inel  i  proto 
Ispi  1110(1(1  I  .inteiin.i.  .111(1  m.ist  used  lor  S-1  testiin; 
ne\  I  1 1 III  less  piovide  .1  eood  siiiml.il ion.  I  lie  liall.ist 
hm'.'.i  I  loseK  .ippi  oMiii.lles  the  stillness  ol  .1  lli^hl  item, 
.illlioiieli  motion  III  the  hiii'.'.e  is  lesliieled  to  one  axis 
I  limp. Ill  (I  with  loni  mo\mi^  axes  on  the  (liuhl  item.  I'lie 
sliiond  ml'ileieiiie  .111(1  m.ist  i ollision  eoiiditioii  has 
lici  n  ehmilMled  h\  desimi  eh.mi;es  ni.lde  ill  the  p.inel 
.mienn.i  posilioin  i  .issenihlx  (see  Seition  |  I. 

l)niniii,S  1  lists  .1  immliei  ol  lailm  es  oeiiii  i  ed.  Welds 
III  two  m.ist  Miiipoil  Inhes  l.iilei'  e.iilx  III  the  ti-st  pio 
I'.i.im  lliise  Inliis  Well  lep.med  ,ind  I  nnetioned  s.itis 


i.ii  toiiK  then  .iltei ,  I'lie  nioimline  hr.ickets  lor  (laineras 

I  >  ..nd  I  .111(1  .III  iipiier  support  tiihe  lor  tlie  lielinin 
l.ink  .llso  l.iiled  .it  Welds. 

I  he  shi  ll  inleKoimeet  used  ill  the  second  and  third 
test  eonli'.ini.itions  eileetneK  eliiiiiii.ited  all  response 
.ihiixe  It)  1  ps.  It  (.(Used  some  uie.iter  .iniplifre.itions  in 
the  lower  trei|iieneies  th.in  appealed  dininir  tests  ot  the 
III  si  1 1  inliijni.ition. 

rhe  S(  (iti  lilo.mi  d.impine  t.ipe  does  not  seem  to  alter 
.implili(  .it ion  .it  leson.iiiee.  \  preliminarx  examination  ot 

II  III)  roi  ket  .mil  top  ol  iiilereonneet  aeeeleration  data 
.It  then  leson.int  lrei|iieneies  shows  equal  amiililiealioii 
i.itios  loi  holh  the  sei  ond  and  third  test  loiiliunrations. 
riiese  reson.int  irei|neneies  oeeiir  at  about  10  eps  and 

III  eps 

S  I  IS  now  iindeii^oim;  st.itie  striietiiral  tests,  to  he 
eonipleted  in  mid  |.imi.iix  I0()2. 

8.  Spaceframe  Stress  Analysis 

rhe  ni.itiix  .in.iKsis  proei.im  loi  the  sp.ieeli.ime  h.is 
been  eoni|)leted  .mil  is  heini'  used  eiirientK.  The  solii 
fion  xields  axial  lorees.  as  well  as  hendiii^  moments  and 
she.ir  le.ietions,  .it  the  etuis  ol  the  sp.ieelrame  Inhes. 
I  tellei  lions  ,nid  lol.ilion  ol  sp.ieeliame  joints  are  .ilso 
olil. lined 
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Table  11.  Lateral  vibration  test  results 


Accelerometer 

locoliort" 

number 

Maximum 

magnification 

ratio 

Frequency. 

cp« 

Direction 

Retrorocket 

Center  of  gravity 

i31 

30 

80 

A  2 

Bate 

(41 

4  8 

80 

A  2 

Compartment  A 

Center  of  gravity 

(61 

4  7 

22 

A  1 

Center  of  gravity 

|24) 

4  2 

22 

A  5 

Corner 

(25) 

59 

22 

A  5 

Comportment  B 

Center  of  grovity 

(9i 

4  4 

22 

A5 

Center  of  gravity 

i26' 

5  4 

75 

A  3 

Corner 

i27i 

5  3 

75 

A  3 

Antenna  ring 

Parallel  x  oxii 

(121 

16  2 

8 

A  6 

Porollel  y  axit 

(131 

27  0 

8 

A  4 

Drill  motor 

Parallel  x  exit 

lUi 

125 

12 

A2 

Parallel  y  axil 

15' 

109 

9 

A  1 

Control  senior 

Center  of  gravity 

30- 

6  3 

19 

A  1 

Center  of  gravity 

29 

3  5 

19 

A  2 

Corner 

28 

4  8 

19 

A  2 

Soil  analysis 

Center  of  gravity 
Center  of  gravity 

33 

1  7 

85 

A  2 

top 

31 

69 

100 

A  1 

Center  of  gravity 

'  bottom 

32 

1  1  6 

100 

A, 

*S«e  Figure  t24  for  location  one 

oiis  notc'tion 

Figure  124.  Axis  notation  and  occelerometer  locations 
(with  channel  numbers)  for  vibration  testing 


'I'Ik'  (li'siiin  ('(iiiilil iiiii  (il  Inn. If  l.nnlinn  li.is  hciii  in 
\ cstiHilti  il.  and  mimic  sp.n cl i  .line  Inlx  s  weic  liniiid  In  lie 
critical.  In  iinlci  In  icclilc  lliis  Mln.ilinn  l«n  tvpcs  nl 
cli.inuc  arc  licinn  in\ cslin.ilcd ;  i  I  i  snp|)nil  In.ickd 
attacli  pl)int^  Inr  llic  lic.ixicNl  mills  .nc  licmc  ninccd 
cinscr  In  sp.n  cli.nnc  jnints  wlicic  pnssililc  in  nidci  In 
iniliinii/c  lic.iin  cnininn  licinliim  slicsscs,  id'  addilmn.il 
slilicninn  nicinlicis  aic  licinn  .nidcil  In  icdncc  llic  dice 
li\c  cnlniim  lcm;lli  nl  ihc  Inmici  sp.iccit.nnc  nicnilicis. 
One  pnilinn  n|  llic  ni.iliix  pin'.n.nn  is  In  in"  sli c.iinlincd 
In  ni.ikc  llic  pin"i.ini  nmic  cllii  lent  in  li.mdlin"  l.ii"ci 
si/c  pinliicnis. 

In  nidci  In  ni.ikc  llic  .iii.iKsis  iimir  ic.dislic,  pinxisinii 
li.is  liccn  111. llic  In  nicinilc  lie. nil  cninnin  dlccls  lix  cli.in" 
ini;  cell. nil  cnclliciciils  in  llm  in.iliiccs.  I'lic  snintinn  .ilsn 
Ims  liccn  mndilicd  In  .iiiiinnl  Ini  x.ni.ililc  innmcnl  nl 
nicili.i  III  s|i,ici  1 1  .line  incmlicis.  'Hie  llcxilnlilx  m.iliix  is 
liciiii;  (  (iinpnlcd  Ini  Use  m  (lx  n. nine  icspnnsc  similes. 


Figure  125.  Maximum  vibration  excursion  at  7  cps, 
shown  by  superposition  of  two  motion 
picture  frames 
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ToM*  IS.  lufiHMiry  •!  tamil*  tMt  rtwlH  for  717S-TS  alwiilnum  alloy  ihool  ipocliwont 


The  problem  as  a  whole  can  be  formulated  matrically 
as: 

(■m. 

M.  L^«»J 

where  M|  is  the  stiffness  matrix  of  framework  assuming 
pinned  ends,  M,  is  stiffness  matrix  of  the  framework  for 
fixed  ends,  and  M,t  and  Mf,  are  interaction  matrices. 
However,  each  part  can  be  treated  separately  and  cor¬ 
rected  for  interaction.  Thus, 

Ml  i  =  P,sl  +  ^  P»r( 

Ml  $  =  M„i  -f-  A  Mill 

The  corrections  are  introduced  as  equivalent  loads  or 
moments. 


9.  Malorfof  Propwflos  Totfs 

Table  12  summarizes  the  tensile  strength  values  ob¬ 
tained  from  static  strength  tests  of  36  specimens  of 
7178-T6  aluminum  alloy,  chosen  as  the  primary  struc¬ 
tural  material  for  the  spaceframe.  As  indicated  in  the 
table,  the  specimens  were  exposed  to  various  combina¬ 
tions  of  a  hard  vacuum  and  a  simulated  sterilization 
temperature  prior  to  testing. 

The  test  section  of  the  specimens  was  0.5  inch  wide 
and  0.064  inch  thick,  and  round  holes  were  drilled  in 
most  of  the  specimens  to  simulate  rivet  holes.  All  speci¬ 
mens  were  then  tested  to  failure  at  room  temperature 


or  at  — 50*F.  Although  addition  of  the  hole  caused  a 
slight  decrease  in  tensile  strength  at  — 50*F,  all  speci¬ 
mens  tested  at  — 50*F  showed  a  greater  ultimate 
strength  than  those  tested  at  room  temperature.  Neither 
the  exposure  to  a  hard  vacuum  nor  exposure  to  steriliza¬ 
tion  temperature  had  a  measurable  effect  on  strength. 
Elongation  remained  unchanged  from  rooi.i  temperature 
to  — 50*F.  Apparently  the  large  static  strength  degrada¬ 
tion  in  7178-1%  referred  to  in  a  test  report  by  General 
Dynamics,  Astronautics  Division,  occurs  only  in  the  pres¬ 
ence  of  large  stress  concentration  factors,  on  the  mder 
of  6. 

Impact  tests  of  7178-T6  specimens  at  — 50*F  are  cur¬ 
rently  being  prepared.  On  satisfactory  completion  of  all 
static  and  impact  tests  at  — 50*F,  full-scale  tests  of  typi¬ 
cal  spaceframe  tubes  will  be  performed  in  order  to 
obtain  statistical  strength  information  for  7178-T6  tubing, 
which  will  permit  more  refinement  in  design  and  anal¬ 
ysis.  These  tests  will  encompass  a  range  of  loading 
including  bending,  torsion,  column,  combined  beam- 
column,  and  fatigue  of  riveted  joints. 


I.  Propulsion 

I.  Introduction 

The  spacecraft  mid-course  correction,  attitude  control 
during  main  retro  operation,  and  incremental  velocity 
corrections  are  accomplished  by  a  liquid  bipropellant 
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vernier  propuliirm  lyitem.  Main  spacecraft  deceleration 
during  the  terminal  phase  of  flight  is  performed  by  a 
spherical  solid  propellant  retro-rodcet  engine.  Develop¬ 
ment  of  the  vernier  system  and  dw  main  retro-engine  has 
been  subcontracted  to  the  Reaction  Motors  Division 
( RMD)  and  the  Elkton  Division,  respectively,  of  Thiokol 
Chemical  Corporation. 

2.  Profwis  Svmmary 

Outline  and  mounting  drawings  for  all  propulsion  com¬ 
ponents  were  released  for  integration  into  the  spacecraft. 

Design  of  the  fli^t-type  vernier  system  has  been  com¬ 
pleted,  and  testing  has  started  on  flight  components. 
TniHal  tests  were  completed  on  die  vernier  system  dirotde 
valve;  it  exhibited  exodlent  repeatability  and  response 
characteristics.  Performance  of  the  durust  chamber  has 
been  below  spedflcation  limits;  however,  recent  testing 
of  improved  diambers  has  demonstrated  considerable 
improvement  in  this  area. 

Two  firings  of  the  nuin  retro-engine  were  made  dur¬ 
ing  the  report  period.  In  the  first  test  cracking  of  the 
propellant  grain  produced  an  unacceptable  pressure  char¬ 
acteristic  and  nozsle  erosion  was  excessive.  For  the  second 
test,  both  head-end  and  aft-end  stress  relief  boots  were 
used  to  reduce  diermal  stresses  in  the  grain,  and  this 
engine  was  temperature-cycled  and  fired  with  no  evidence 
of  grain  craddng.  A  section  of  pyrolytic  graphite  was 
placed  at  the  diroat  of  the  nozzle  to  reduce  erosion.  Por¬ 
tions  of  the  insert  were  dislodged  during  the  firing,  but 
total  failure  of  the  insert  did  not  occur  until  so  late  in  the 
firing  that  ballistic  performance  was  not  adversely  af¬ 
fected.  Although  die  results  of  this  most  recent  test  firing 
were  satisfactory  from  the  viewpoint  of  die  grain  with¬ 
standing  thermal  stresses,  the  total  experience  from  the 
five  engines  cast  to  date  indicates  that  additional  modi¬ 
fication  or  environmental  constraints  may  he  required 
to  achieve  the  desired  reliability  for  the  Ught  unit.  The 
recent  requirement  for  17  pounds  less  propellant  in  the 
main  retro-engine  can  be  accomplished  without  hard¬ 
ware  change,  simply  by  loading  less  propellant  (shorten¬ 
ing  the  grain  at  the  aft  end),  althou^  the  full  17-pound 
saving  may  not  be  realized  because  of  possible  need  for 
increased  insulation  material. 

3.  Main  Katra-Kockat  Engina 

Five  main  retro-rocket  engines  have  now  been  cast  as 
part  of  the  "heavy-wall”  phase  of  the  development  pro¬ 
gram.  Since  the  initiation  of  testing  on  August  25,  1961, 
three  engines  have  been  fired,  the  most  recent  on  Decem¬ 
ber  6,  1961.  Of  the  two  remaining  engines,  one  was 


thermocoupled  for  evaluating  environmental  tempera¬ 
ture-time  histories  and  the  other  was  rejected  because  of 
excessive  cracking  during  thermal  cycling.  Two  of  the 
three  engines  fired  were  defective  in  that  either  the  pro¬ 
pellant  had  cracked  or  separated  from  the  rocket  case. 
The  third  engine,  having  stress  relieving  boots  in  both 
the  head  and  aft  ends  of  the  case,  did  not  display  these 
defects  on  temperature  cycling.  Further  evaluation  will 
be  required  to  determine  whether  the  design  modifica¬ 
tions  incorporated  in  the  third  engine  fired  are  entirely 
adequate.  Design  of  the  fiight  configuration  rocket  engine 
has  been  completed  and  fabrication  of  components  ini¬ 
tiated.  Fabrication  of  the  altitude  test  facility  and  the 
horizontal  test  stand  is  nearing  completion. 

a.  liodkel  engine  tntfng.  Engine  No.  2  was  conditioned 
to  20*F  and  fired  at  sea  level  conditions  on  October  16, 
1961.  This  heavy-wall  engine  contained  the  5.4-inch  sep¬ 
aration  boot  in  the  aft  hemisphere  as  previously  reported. 
The  separation  boot  did  not  provide  the  desired  stress 
relief  to  the  propellant  grain  under  20*  F  temperature 
conditioning.  The  propellant  cracked  at  a  single  point 
during  conditioning  at  the  junction  of  the  star  valley  and 
the  pyrogen  port.  The  location  of  cracking  in  engine 
No.  2,  as  well  as  in  engine  No.  3,  is  shown  in  Figure  126. 
The  propellant  crack  and  the  space  between  the  separa¬ 
tion  boot  and  the  case  insulation  were  filled  with  an 
epoxy-polysulfide  materisJ  at  70*  F.  The  engine  was  con¬ 
ditioned  to  the  20*F  and  fired  using  only  tiie  graphite 
section  of  the  attitude-type  nozzle.  The  results,  shown  in 
Figure  127,  indicated  that  additional  propellant  surface 
had  been  exposed.  It  was  concluded  that  the  increase  in 
burning  surface  resulted  from  a  propellant  separation  in 
the  forward  hemisphere.  Analysis  of  the  effect  of  such  a 
separation  on  chamber  pressure  and  the  post-firing  condi¬ 
tion  of  the  engine  case  (hot  spots)  substantiated  the  con¬ 
clusion. 

Based  on  the  performance  of  the  second  engine,  two 
additional  engines,  3  and  3A,  were  cast  using  larger  sep¬ 
aration  boots  to  relieve  the  stresses  in  the  propellant 
grain.  ( Figure  128. )  Both  engines  employed  a  larger  aft 
separation  boot  and  an  additional  boot  was  installed  in 
the  forward  hemisphere  of  engine  No.  3A.  Each  engine 
was  subjected  to  temperature  cycling  between  the  limits 
of  110*F  and  20*  F.  Propellant  cracking  occurred  in  en¬ 
gine  No.  3  at  the  juncture  of  the  star  valley  and  the 
pyrogen  port  during  the  first  conditioning  cycle  at  20*  F. 
Cracking  of  the  grain  continued  during  the  second  tem¬ 
perature  cycle.  Engine  No.  3  was  therefore  rejected 
without  static  testing.  Engine  No.  3A  was  successively 
conditioned  to  70* F,  110*F,  and  20* F  prior  to  firinv  . 
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SCCTION  PCNPCNOICULAR  TO  THRUST  AXIS 


SECTION  ALONO  THRUST  AXIS 


Rgurs  126.  i^rspsHsst  crack  iscsHsst  in  Inginst  2  snS  2 
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Figure  128.  Strssi  rsiisf  beeli  in  Inginst  3  and  3A 


70*  on  December  6. 1961.  Based  on  preliminary  test  data, 
the  operation  of  engine  No.  3A  was  satisfactory. 

Temperature  cycling  of  the  thermocoupled  engine  was 
instrumental  in  determining  the  extent  of  the  propellant 
cracking  problem.  The  engine  was  cast  without  a  separa¬ 
tion  boot  and  was  subjected  to  temperature  cycling, 
primarily  to  obtain  information  for  use  in  thermal  analy¬ 
sis.  The  aft  propellant  surface  separated  from  the  insula¬ 
tion  in  a  manner  similar  to  that  in  engine  No.  2.  Subse¬ 
quent  conditioning  to  20*  F  resulted  in  an  increase  in  the 
separation  to  a  depth  of  approximately  10  to  15  inches. 
The  separation  was  filled  with  liner  material  and  tem¬ 
perature  cycling  resumed.  The  temperature  cycling  pro- 
(;ram  on  the  thermocoupled  engine  has  been  cmnpleted 
and  now  the  engine  is  being  subjected  to  the  heat  steril¬ 
ization  environment  (257*F)  to  establish  the  tempera¬ 
ture-time  history  required  for  thermal  sterilization  of 
flight  engines. 

b.  Flight-weight  cote.  Design  of  the  flight-weight  case 
and  attachment  fittings  has  been  completed.  Forgings  for 
the  case  liemispheres  have  been  received  and  the  thin- 
wall  spherical  case  is  being  fabricated.  Completion  of  the 
first  flight-weight  case  assembly  is  anticipated  in  early 
January. 
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c.  Com  inaulaHon.  An  asbestos-filled  buna-N  rubber 
(Cen-Gard  V-44)  has  been  selected  for  use  in  the  main 
retro-rocket  engine  for  case  insulation.  The  insulation 
material  demonstrated  acceptable  performance  with  en¬ 
gine  No.  3A  and  offers  a  distinct  weight  saving  for  the 
flight-type  rocket  engine. 

d.  NoxxU.  Hie  flight-type  nozzle  design  has  been  com¬ 
pleted.  Fabrication  is  nearing  completion  on  the  initial 
nozzles  for  use  in  the  altitude  test  program.  Engine  No. 
3A  was  fired  with  the  pyrolitic  graphite  throat  insert 
shown  in  Figure  128.  Although  there  was  excessive  spall¬ 
ing  of  the  insert  during  the  test,  the  pressure  trace  indi¬ 
cated  that  the  required  throat  area  was  maintained 
dtfoughout  the  firing.  An  alternate  throat  insert  of  tung¬ 
sten-molybdenum  has  been  designed  and  is  also  shown  in 
Figure  129.  The  pyrolytic  graphite  insert  offers  a  weight 
advantage  over  the  tungsten  insert,  but  selection  of  either 
configuration  will  depend  on  future  test  results. 

«.  PropettaiU  development.  Minor  adjustments  have 
been  made  to  the  PBAA  propellant  formulation  to  obtain 


Figure  129.  Alternate  nozzle  threat  designs 


optimum  physical  properties  for  the  rocket  engine. 
Samples  of  the  propellant  have  been  subjected  to  heat 
sterilization  with  negligible  degradation  of  physical  prop¬ 
erties.  Although  present  information  is  inconclusive,  there 
is  some  evidence  that  the  propellant  is  sterile  in  the  cast 
and  cured  condition.  A  detailed  investigation  of  self¬ 
sterilization  capability  is  in  progress. 

f.  Separation  boot.  Separation  boots  have  been  sub¬ 
jected  to  test  in  engine  Nos.  2,  3,  and  3A.  The  boot  con¬ 
figurations  employed  in  engine  No.  3A  provided  adequate 
stress  relief  to  the  propellant  grain  and  will  be  fully  evalu¬ 
ated  in  future  tests.  The  material  used  in  the  separation 
boot  is  similar  to  the  material  used  for  the  case  insulation. 

g.  Pyrogen  igfdtion  system.  The  propellant  surface  area 
has  been  reduced  in  pyrogen  ignition  system  and  the 
pyrogen  throat  area  increased.  High  ignition  pressure 
during  the  first  firing  prompted  this  change.  Performance 
of  the  modified  pyrogen  was  satisfactory  in  the  test  of 
engine  No.  3A. 

h.  Te$t  facility  status.  The  altitude  test  facility  and 
horizontal  thrust  stand  design  has  been  completed.  The 
Reaction  Motors  Division  of  Thiokol  Chemical  Corpora¬ 
tion  will  fabricate  the  test  stand  and  altitude  facility. 
The  facility,  shown  in  Figure  130,  provides  a  vacuum 
capability  for  pressure-altitude  simulation  at  70,000  feet 
which  yields  a  sufficiently  low  pressure  to  allow  the  noz¬ 
zle  to  run  full.  The  facility  will  be  operational  in  late 
December,  1961,  and  will  be  used  for  testing  engine 
No.  4  which  will  have  the  altitude  nozzle  configuration. 


4.  Vamlar  Propulsion  Syslom 

The  vernier  propulsion  system  consists  of  three  thrust 
chambers,  each  of  which  is  capable  of  providing  any 
thrust  level  between  30  and  104  pounds  on  command, 
and  the  associated  liquid  propellant  tankage  and  helium 
pressurization  system.  The  fuel,  which  is  used  to  regen- 
eratively  cool  the  thrust  chambers,  is  monomethyl  hydra¬ 
zine.  The  oxidizer  is  nitrogen  tetroxide  with  10%  nitric 
oxide  added  as  a  freezing  point  depressant.  The  system 
is  capable  of  providing  approximately  50,000  pound- 
seconds  of  impulse. 

The  major  accomplishments  of  the  report  period  were: 

( 1 )  Completion  of  significant  areas  of  propulsion  sys¬ 
tem  design  integration  with  the  flight  model  space- 
frame. 
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thmust  stand  engine 


VACUUM  CHAMBEN 


calibnation  unit 


Rgura  ISO.  AIiHmSb  tMl  facility  far  main  ralra*an9iiM 


(2)  Initiation  of  type  approval  testing  on  the  helium 
tank,  the  helium  fill-release-dump  valve,  the 
throttle  valve,  and  the  propellant  on-oflF  valve. 

(3)  Assembly  of  the  first  complete  vernier  system  on 
the  test  spaceframe.  The  following  paragraphs  pre¬ 
sent  details  of  the  more  significant  items  of  accom¬ 
plishment. 

0.  ProfwWoa  BgBicm  design  bUtgratUm.  Design  ai  the 
propellant  and  pressurant-line  routing  and  installatimi 
hardware,  and  the  propellant  and  helium  tank  mounts 
was  completed  for  the  flight  configuration  spacecraft. 
Gose  coordination  between  the  propulsion  system  sub¬ 
contractor  and  Hughes  Aircraft  Company  was  main¬ 
tained  to  derive  the  most  efficient  methods  of  routing 
and  installation. 

b.  Thruit  chamber  development.  Thrust  chamber  de¬ 
velopment  in  the  HMD  altitude  test  facility  was  initiated 
on  September  5.  Testing  to  date  has  included  evaluation 
of  the  radiab  m-cooled  flight  nozzle  extension,  the  test 
configuration  of  the  flight  injector,  the  flight  nozzle 
throat,  the  test  thrust  chamber  in  conjunction  with  the 
flight  throttle  valve,  and  the  flight  thrust  chamber 
assembly. 

Early  testing  has  indicated  very  satisfactory  durability 
and  performance  of  the  nozzle  extension.  Earlier  prob¬ 
lems  with  the  joint  between  the  nozzle  extension  and  the 
silicon  carbide  throat  have  been  solved  by  flame-spraying 
molybdenum  on  the  extension  where  the  joint  is  made 
and  grinding  the  deposited  material  to  the  correct 
dimensions. 


Low  performance  data  obtained  during  early  testing 
has  dictated  a  change  in  the  angular  relation  between 
the  oxidizer  and  fuel  holes  in  the  injector  and  a  decrease 
in  the  size  of  the  fuel  holes  to  raise  efficiency  to  the  re¬ 
quired  value.  The  pressure  budget  has  been  maintained 
by  reducing  all  operating  chamber  pressures,  and  the 
thrust  has  been  maintained  by  enlarging  the  nozzle 
throat  diameter.  The  reduction  in  chamber  pressure  was 
also  necessitated  by  lack  of  nozzle  durability  at  the 
maximum  thrust  level.  Complete  results  from  testing  of 
modified  thrust  chambers  are  not  yet  available,  but  early 
indications  show  that  the  durability  problem  has  been 
essentially  solved  and  considerable  improvements  in  per¬ 
formance  have  been  indicated. 

Testing  of  a  heavy-duty  thrust  chamber  in  conjunction 
with  a  flight  throttle  valve  has  been  accomplished  with 
demonstration  of  excellent  throttling  response  character¬ 
istics.  In  addition,  testing  has  been  initiated  with  the 
flight  thrust  chamber  assembly,  including  the  on-off  valve 
and  throttle  valve,  to  determine  response  characteristics 
and  the  operating  throttle  range. 

c.  Component  development.  Component  development 
progressed  to  the  type  approval  phase  for  many  of  the 
units.  The  following  paragraphs  present  the  status  of 
each  component. 

(1)  Helium  tank  —  Development  testing  has  been  com¬ 
pleted  and  type  approval  testing  is  near  completion. 

(2)  Helium  fill-release-dump  valve— Development  test¬ 
ing  has  been  completed  and  type  approval  testing 
is  in  progress.  Tlic  valve  is  attached  directly  to  the 
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helium  tank.  Squib  valves  are  used  to  activate  re¬ 
lease  of  helium  to  the  propellant  tankage  or  to 
dump  helium  overboard  in  case  of  emergency.  Heli¬ 
um  filling  is  accomplihed  through  a  quick-discon- 
nect  which  is  integral  with  the  helium  valve. 

(3)  Helium-regulator-check  valve-relief  valve  package 
-  Development  testing  of  the  regulator  section  is 
continuing.  The  O-ring  seal  in  the  second  stage  of 
the  regulator  has  been  changed  to  a  bellows  seal  to 
provide  the  required  regulation  when  the  entering 
helium  gas  is  at  a  low  temperature.  Development 
has  been  completed  on  the  check  valve  and  relief 


valve  sections  and  type  approval  testing  is  pending 
evaluation  of  the  regulator  changes  noted  above. 

(4)  Propellant  tanks  —  Welding  and  X-ray  inspection 
techniques  are  being  finalized  and  type  approval 
testing  will  be  initiated  in  the  next  report  period. 

(5)  Propellant  expulsion  bladders  —  An  extensive  pro¬ 
gram  to  determine  permeability  and  durability  of 
candidate  bladder  materials  has  been  completed 
and  evaluation  of  complete  bladders  is  now  in  prog¬ 
ress.  Results  of  permeability  testing  to  date  are 
included  in  Figure  131.  The  tests  emploved  the 
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N2O4/NO  oxidizer  in  72>hour  runs  at  100*  F.  The 
samples  were  1.485  inch^  in  area.  The  bladders 
themselves  have  an  area  of  400  inch*.  The  currently 
favored  bladder  material  is  FEP  Teflon  impreg¬ 
nated  with  a  substance  which  reduced  permeability 
to  a  very  low  value.  The  bladder  is  to  have  a  wall 
thickness  of  0.004  inch,  and  is  expected  to  have  a 
permeability  of  less  than  0.2  pound  of  nitrogen 
tetroxide  in  10  days. 

(6)  Propellant  throttle  valve  -  Development  testing  has 
been  completed  and  type  approval  testing  initiated. 


DIFFERENTIAL  INPUT  SIGNAL,  ma 


Figure  132.  Propellant  throttle  valve  flew 


Results  of  testing  to  date  show  excellent  repeat¬ 
ability  and  characteristics  well  within  the  Surveyor 
requirements  (Figs  132  and  133).  The  throttle 
valve  controls  propellant  flow  by  means  of  two 


Figure  133.  Prepellant  threHle  valve  tei|Wine 


Figure  134.  Prepellant  en-eff  valve  opening  response 
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reeds  (operated  by  a  single  torque  motor)  which 
vary  the  e£Fective  orifice  areas.  Effects  of  pressure 
variations  are  controlled  by  spool  valves,  which  are 
enclosed  in  the  same  body  as  the  reeds  and  orifices. 

(7)  Propellant  on-off  valve -The  on-off  valve  is  a 
solenoid-piloted,  helium-actuated  unit  which  uti¬ 
lizes  a  linked-poppet  arrangement  to  ensure  proper 
propellant  fiow  sequencing.  Development  testing 
has  been  completed  and  type  approval  testing  has 
been  initiated.  Figures  134  and  135  present  typical 
valve  opening  and  closing  response  characteristics 
and  indicate  that  the  7S-millisecond  response  re¬ 
quirement  for  thrust  initiation  and  shutdown  will 
be  met. 

d.  Compute  syatem  dtvelopmmt.  Assembly  of  the 
complete  vernier  propulsion  system  on  the  first  develop¬ 
ment  spaceframe  has  been  completed  and  testing  of  this 
assembly  is  expected  to  begin  early  in  the  next  report 
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Figure  135.  Propellant  en-off  valve  closing  responso 


period.  Firing  tests  will  be  accomplished  in  the  RMD 
facility  under  pressure  conditions  simulating  altitude  in 
excess  of  100,000  feet. 

e.  Ground  iupport  equipment.  Requirements  for  the 
ground  support  equipment  have  been  finalized  and  nego¬ 
tiations  for  procurement  are  in  the  final  stages.  Approxi¬ 
mately  20  weeks  will  be  required  for  procurement  and 
assembly  of  the  equipment,  a  period  which  will  permit 
sufficient  time  to  develop  the  systems  and  train  personnel 
in  their  use. 


J.  Spacecraft  Vehicle  and 
Mechanisms 

I.  Spaepoa/t Vthkh 

a.  Configuration.  The  final  configuration  of  the  T-4 
aiKl  SC-1  spacecraft  has  been  determined.  The  general 
arrangement  is  illustrated  in  Figure  1.  Figures  136  and 
137  represent  this  design  pictorially.  The  significant 
changes  whidi  have  been  incorporated  since  the  preced¬ 
ing  report  are  as  follows: 

( 1 )  To  provide  greater  thermal  isolation  between  the 
vernier  engine  and  the  high-resolution  telescope  and  to 
facilitate  the  routing  of  the  wiring  harness  to  Compart¬ 
ment  A,  the  telescope  was  moved  to  the  space  formerly 
occupied  by  the  soil  mechanics  experiment. 

(2)  The  soil  mechanics  experiment  was  then  moved 
into  the  No.  1  sector  near  leg  No.  2. 

(3)  Relocation  of  the  hi^-resolution  telescope  per¬ 
mitted  improvement  in  the  configuration  and  installation 
of  Compartment  C,  which  houses  those  electronic  com¬ 
ponents  that  are  not  required  to  operate  during  the  lunar 
night.  This  change  in  turn  improves  thermal  control  of 
Compartments  A  and  B. 

(4)  Television  camera  No.  3  was  raised  and  canted 
outward  13y2  degree  to  enable  its  use  in  observing  the 
action  of  the  surface  sampler  and  the  instruments  on  legs 
Nos.  2  and  3. 

(5)  The  magnetic  susceptibility  experiment  was  relo¬ 
cated  to  a  position  on  leg  No.  3.  This  location  eliminates 
the  need  for  an  extension  boom  and  therefore  reduces 
weight  and  complexity. 
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Pigur«  137.  Spac«craft  post-landing  configuration 
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^6)  Detailed  results  from  omnidirectional  antenna 
coverage  tests  on  the  quarter-scale  model  suggested  an 
orientation  change,  and  consequent  repositioning  of  these 
antennas  allows  a  change  in  the  deployment  method 
which  reduces  weight.  The  antennas  are  now  mounted 
on  rigid  supports  which  swing  out  from  the  bottom 
member  of  the  spaceframe  (Fig  136). 

(7)  The  previous  configuration  release  r'^ected  a  re¬ 
duction  in  planar  array/solar  panel  interconnecting  arm 
length  and  an  attendant  weight  reduction  of  approxi¬ 
mately  4  pounds.  A  new  gimbal  support  system  (de¬ 
scribed  later  in  this  section)  which  will  further  .educe 
weight  has  been  adopted.  This  system  results  from  modi¬ 
fication  of  the  previous  one  by  motorizing  the  elevation 
motion  and  eliminating  the  declination  motion.  The  new 
arrangement  is  shown  in  Figure  138. 

The  design  of  the  thermally  controlled  Compartments 
A  and  B  has  now  progressed  sufficiently  to  allow  release 


OUTBOARD  VIEW  COMPARTMENT  A 


of  the  thermal  test  mockup  MT-1  for  fabrication.  Fig¬ 
ures  139, 140,  and  141  illustrate  the  modular  arrangement 
and  structural  details  of  the  equipment  compartments. 
Compartment  B  is  smaller  than  Compartment  A,  but  has 
the  same  type  of  construction. 


OUTBOARD  VIEW  COMPARTMENT  B 


Figure  139.  Cempartmonts  A  and  B 
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All  internal  heat  is  conducted  throup'h  the  thermal 
switches,  each  to  its  individual  radiating  plate. 

Super-insulation  consisting  of  layers  of  0.00025  inch 
mylar  sheet  is  provided  between  the  lower  thermal 
switch  plate  and  the  upper  switch  plates  and  in  the 
space  between  the  inner  and  outer  gluss-reinforct‘d  resin 
shells  of  the  lower  enclosure.  Edges  of  the  sheets  over  a 
reasonable  length  are  accessible  at  all  mating  edges  and 
at  entry  points  fur  wiring  and  structural  supports  to 
allow  for  interleaving  of  the  mylar  during  the  assembly 
process.  During  assembly,  the  upper  supports  hold  the 
unit  while  the  lower  cover  is  b(‘ing  installed.  After 
assembly  and  interleaving,  the  access  and  retaining  hand 
is  installed. 

b.  Wiring  hameu  design.  Additional  testing  of  the 
wiring  harness  has  included  the  special  problem  of  serv¬ 
ing  the  15-foot  telescoping  boitms.  Three  methods  have 
been  investigated. 

One  method  involved  the  use  of  flat,  accordion  cable 
stowed  in  a  magazine  which  allowed  only  one  fold  to  lie 
withdrawn  at  a  time  (Fig  1-12).  T«‘sts  conductetl 
using  an  actual  boom  which  w’as  pneumatically  driven 
indicate  that  this  method  can  be  employed  for  instru- 
mente  with  electrical  re(|uirements  allowing  the  use  of 
flat  cable.  Tests  are  also  in  process  on  cables  consisting 
of  conventional  wires  for  serving  the  bimms.  A  third 
method  uses  flat  tape  cable,  doubled  end-to-end  and 
wound  on  a  reel  (Fig  145).  The  reel  is  fixed  to  a  c-en- 
tral  section  of  the  boom.  As  the  boom  extends,  the  cable 
feeds  out  froi:  the  reel  in  opposite  directions.  This 
method  appears  to  be  highly  practical,  uses  the  minimum 


Figure  142.  Tests  of  accordian-type  boom  cable 


Figure  143.  Tests  of  reel-wound  boom  cable 


length  and  weight  of  cable,  and  employs  a  reel  of  very 
lightweight  construction. 

A  wire  type  has  been  selected  for  harness  use,  based 
on  a  study  of  wire  types  which  are  compatible  with  the 
transit  and  lunar  environment.  The  most  promising  type 
is  a  wire  having  conductors  of  Alloy  63,  a  thin-wall 
fluoroethylene  propylene  teflon  primary  insulation,  and 
an  outer  coating  of  Siirok  (Dupont).  Tests  show  that 
this  wire  (in  24-gage  ANN'G)  is  superior  'n  strength, 
flexing,  abrasion  resistance,  and  cold  flow  to  22-gage 
AWC  coppt'r  wire  with  600-volt  teflon  insulation.  In 
cases  where  strength  requirements  determine  the  mini¬ 
mum  wire  gage  ( likely  to  be  more  than  50''r  of  the  total 
cabling),  a  wire  weight  saving  of  nearly  65 ‘Tr  is  esti¬ 
mated  througb  use  of  the  lighter  gage  wire. 

c.  Structuret.  The  landing  gear  has  been  redesigned  to 
reflect  torsional  load  reductions  at  the  foot  joint.  A  weight 
saving  of  5  ixrunds  results  from  a  ri'duction  in  foot  pad 
foam  density  from  6  tn  3  Ib/ft". 

Detailed  design  of  scientific  instrumentation  attach¬ 
ments  to  the  landing  gear  and  the  gear  release  mechan¬ 
ism  has  been  completed  (Figure  144). 

The  design  of  the  crushable  blocks,  which  are  a  part 
of  the  landing  mechanical  system,  has  been  selected  and 
is  shown  in  Figure  145.  The  .5052  aluminum  honeycomb 
block  contains  409  individual  -'s  inch  hexagonal  cells 
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divided  by  walls  0.001  inch  thick.  The  block,  which  is 
7  inches  high  by  7%  inches  minimum  distance  across  its 
hexagonal  cross  section,  is  bonded  to  a  'Hs  inch  thick 
aluminum  honeycomb  sandwich  attached  by  six  screws 
to  the  spaceframe.  A  phenolic-resin  fiberglass  cover  will 
protect  the  crushable  blocks  from  the  heat  of  the  vernier 
engines. 


d.  Special  te$t  vehiclee.  Spaceframes  S-4  and  S-5 
(Fig  146)  were  shipped  to  Reaction  Motors  Division  of 
Thiokol  Chemical  Corporation  on  October  11  and  No¬ 
vember  15,  respectively,  for  vernier  propulsion  system 
tests.  Drawings  have  been  released  for  the  fabrication 
of  S-6,  the  third  spaceframe,  also  for  HMD  use.  Fabri¬ 
cation  of  the  spaceframe  for  the  drop  test  vehicle  ( T-1 ) 


Figure  144.  Landing  gear  assembly 
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is  ill  pi'iK'i'ss,  anil  tlic  (lia\\  iiij;s  lor  its  liallasi  (  siiiiiilati'il 
snbsvstoms )  lia\  t'  liccii  ri'lcascil. 


Figure  145.  Cruthable  block  in  landing  system 


Nortliro|)  ( iorporation,  .\orair  Dis  ision,  lias  lici-ii 
awarded  a  siilreoiitraet  to  talirieate  landing  near  (e\- 
eliisive  ol  the  shock  strut  )  for  test  s'eliieles  d  -l.  l.-l,  L-2, 
MT-1,  and  S-2.  'I'lie  full  scale  anti  niia  test  model  M.\-2 
(  I'  iit  I  IT  I  has  heeii  (  ompleted  hy  I’ai  ilie  Miniatures 
( aiinpany. 

2.  Mechanisms 

a.  I'.xli-nsion  booms.  I)e\  eloinnental  models  ol  the 
cold  Has  aetii.ited  esteiision  booms  lor  the  onmidiri’e- 
tional  antennas,  r.idi.ition  deteitor,  and  siirlaci'  density 
espelinielils  h.Oe  been  l.lblic.ltrd  ll'li^s  IIS  thldUlill 
lofil.  \  di  \ elopment.il  test  listiire  tor  determiiiiii^  e\ 
tension  \elo(  it\,  ai  (  elei.ition,  and  Irii  tion  has  been  lom- 
pli'led  il  lli  I  TT  .'itlOOO  I  \  I  les  ol  11  1  l])ro(  .ililitl 
motion  ol  .1  repi  eseiit.ltiv  e  boom  sei  tioii  test  spei  imeiis 
li.i\e  been  (ompleted  in  a  s.ieiiiim  ol  10  '  mm  IIu  with¬ 

out  ll.ikine  (i|  the  iiioK lidenmn  disiil'ide  lubrii  .mt  or  n.ill- 
inH  ol  the  niet.il  siirbucs.  N'.ieiium  testinj;  to  determine 


Figure  146.  Test  spocefrome  S-5 
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(jiiantilative  frictional  coefficiont  values  is  continuing; 
on  this  dry  film  lubricant. 

A  simplified,  nontelescoping  boom  arrangement  for  the 
omnidirectional  antennas  is  being  actively  investigated 
in  parallel  with  the  present  design.  Some  weight  saving 
and  reduction  in  complexity  are  offered  by  the  new 
design. 

b.  Antenna/ solar  panel  positioner.  The  high-gain  an¬ 
tenna  and  solar  panel  positioner  has  been  further  rt^de- 
signed  with  a  substantial  weight  reduction.  The  number 
of  controllable  axes  has  bt'en  reducwl  from  five  to  four 
by  the  elimination  of  the  declination  axis  drive.  The 
“one-shot"  torsion  spring  drive  in  the  eh'vation  axis  has 
been  replaced  by  a  controllable  bidirectional  drive  me¬ 
chanism.  The  geometry  of  the  gimballing  structurt*  has 


also  changed  favorably  with  respect  to  weight  and  load¬ 
ing  by  lowering  the  solar  panel  hinge  point,  permitting 
a  reduction  in  the  length  of  the  gimballed  support  struc¬ 
ture.  The  prototype  models  will  be  built  to  the  new 
design,  while  the  developmental  test  model  is  being 


Figure  148.  Omnidirectional  antenna  stewed 
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Pigura  ISO.  Surfacs  geophysical  axporimont  stowod 


Figure  1 53.  Surface  geophysical  exporimert  loworod 


Figure  151.  Surface  geophysical  experiment  unlocked 


Figure  1 52.  Surface  geophysical  experiment  extended 


Figure  154.  Radiation  detector  slewed 
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fabricated  to  the  previous  five-axis  control  desi(>n.  Those 
details  and  subassemblies  of  the  prototype  desi{;n  which 
are  different  from  the  developmental  test  model  will  1m* 
individually  tested  prior  to  final  fabrication  and  test  of 
the  complete  prototype  model.  Th(^  thermal  test  model 
positioner  shown  in  Figure  158  is  generally  representa¬ 
tive  of  the  developmental  m(Klel  now  being  fabricated. 

An  early  vibation  test  mtKlel  of  the  positioner  is  shown 
in  Figure  159.  This  mixlel  has  undergone  vibration  tests 
on  Vehicle  S-1  which  indicated  that  insufficient  clearance 


Pigura  15S.  Radiation  dotoctor  patitionad 


Figura  ISt.  Antanno-aolar  panal  positionar  tharmol 
fast  mc^l 


Figura  156.  Radiation  datactor  axtandad 


Figure  1 57.  Extension  boom  test  fixtura 


<*xisted  between  the  panels  and  the  mast  and  shroud. 
These  clearanws  have  been  increased  in  the  new  proto¬ 
type  design  by  the  shift  in  the  solar  panel  hingeline  and 
a  change  in  the  high-gain  antenna  stowage  angle.  A 
structural  test  sjx'cimen  of  the  .solar  panel  hinge  support 
was  statically  loaded  as  shown  in  Figure  160.  The 
s|H'cimen  was  loaded  to  destruction  and  failed  at  145'^! 
of  design  load  (Fig  161)  at  the  pretlicted  hx-ation. 

A  test  fixture  has  lH*t*n  fabricated  to  test  the  gas- 
ops'ratixl  elevating  mechanism.  Tests  are  being  con- 
diKti*d  to  determim*  the  magnitude  of  seal  friction 
existing  in  the  elevating  mast  sections.  Preliminary  re¬ 
sults  indicate  that  the  design  is  compatible  with  the 
high-pressure  gas  source  specified  for  this  application 
when  operahxl  under  ambient  wnditions. 

Several  motors  have  been  tested  for  torejue  and  re- 
siMinse  rates  to  determine  the  type  of  motor  most  suitable 
for  op«'rating  the  planar  antenna  and  .solar  panel.  As  a 
result  of  these  tests,  an  additional  (juantity  of  rotary 
soh*noid  motors,  iiKKlified  for  vacuum  operation,  have 
been  ord('red. 
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Figure  1S9.  Anlenno-aolar  panel  petitioner  for 
Vehicle  S-1  vibration  tect 


c.  TV  mirror  owembtiee.  Fabrication  of  a  develop¬ 
mental  model  TV  mirror  assembly,  providing  tilt  and 
pan  capability  for  the  television  cameras,  has  Ini’n 
completed  (Fi^s  162  and  163).  I’relimiiiars’  testinn  re¬ 
vealed  the  need  for  a  minor  modification  of  the  elevation 
drive  unit.  This  has  been  acc<»mplishetl  and  tlevelop- 
mental  testing  will  resume  shortly. 

The  high-resolution  telescopr-  mirror  assembly  will  Im* 
busicully  tin-  same  as  that  for  the  television  cameras,  with 
the  exce|ition  of  the  gear  reduction  ratios  on  tin-  drive 
units  and  the  reduced  si/.e  of  tin*  elliptical  front  surface 
mirror.  Developmental  testing  of  the  complete  television 
mirror  assembly  in  conjunction  with  sidiasscmbly  testing 
of  the  t»'lescop<’  mirror  drive  unit  and  telesco|K-  mirror 
mounting  hardware  will  |irovide  test  data  applicable  to 
both  th<‘  television  and  teh’seope  mirror  assemblies. 

In  order  to  clu-ck  and  calibrate  the  stepping  aceuraey 
of  th('  TV  mirror  drive  unit,  a  sju'cial  test  fixture 


Figuro  160.  Static  load  t*»t  of  solar  ponol  hingo  support 


Figure  161.  Failure  of  solar  panel  hinge  support 
(145%  load) 
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Figure  162.  Developmental  model  of  TV  mirror  drivo 
in  operating  position 

consisting  of  two  precision  rotary  intlt’x  ImwIs  ami  an 
aiitocxillimator  is  being  fabricated.  Iligb-vaciinin  envi¬ 
ronmental  tests  are  sclieduled  for  tbe  xs-orin  and  wlimd 
antifriction  coatings.  Tlie  environmental  evaluation  of 
potentiometers  for  positioning  indication  is  continuing. 
Tests  have  Ix-en  completed  on  drive  motor  tor<iue  and 
re.sponse  times  at  temp*Tatur<'s  of  75  ami  2fi5*F  at 
atmospheric  pressure.  ( Figure  101  shows  representa¬ 
tive  test  data).  Tliese  motors  have  be<'n  mmlified  for 
vacuum  operation  and  will  Im-  subjecttHl  to  liigb-vacuum 
environmr-ntal  r)|x-rating  tests. 

d.  Subsurface  sampler.  Tbe  subsurfiict*  sampU*r  obtains 
.samples  from  various  de])tli.s  down  to  5  feet  In'iieatb  tbe 
lunar  surface  and  delivers  the  samjdes  to  tbe  sample 
processing  system.  The  sampliT  consists  of  a  rlrill  head, 
drill  shank,  bit.  dump  mechanism,  vi-rtical  drill  rlrivr's, 
supporting  structure,  subsurface  geojihysieal  probe  low¬ 
ering  drive,  and  jettison  device. 

A  full-scale  breadboad  model  of  the  subsurface  sam- 
pler  has  imdergoue  simulated  o|)eratioiial  tests  in  a  .5-f(Htt 
diameter  by  It)  foot  long  ultrahigh  va  -uum  test  chamber 
(Fig  105).  The  tests  were  periormed  to  \erily  the 


Figura  163.  Davalopmantal  modal  of  TV  mirror  drivo 
in  ttowod  petition 


pr-rformanci'  of  the*  di‘vclopmental  model.  Tbe  entire 
mechanism  was  opiTated  at  an  angle  of  00  degrees  from 
tin-  v«‘rtiial  because  of  the  limiting  chamber  dimensions 
(Fig  166).  This  arrangement  had  tlu‘  advantage  of  re¬ 
ducing  thr‘  grav*y  force  acting  to  discharge  the  sample 
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Figure  164.  Typical  stepper  meter  test  data 
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Figure  166.  Subsurface  sampler  high  vacuum  test 


Figure  167.  Vacuum  chamber  pressure  in  subsurface 
sampler  test 

nl  the  S.iiimm  1  h.imhei  \  dull  tnnth  li.ii  tilled  .ilte! 
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I  he  l()‘)'>  steel  iiiip.ii  I  spiling,  whieh  letiiiiis  the  mi 
p.ii  I  m.iss  Imm  the  .m\  il  pnsilinii  to  the  pieeiieitii/ed 
pnsilinii  hilled  linm  l.lliUne.  \  eh.lll'.U'  In  ((!'  st.iinh'sv 
steel  IS  liiiil!',  m.lile  III  the  hi  e.ulhn.il  d  mndel  The  diill 
he.id  Ini  the  pininivpe  .mil  lliehl  nulls  will  he  ilexelnpi  il 
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0  So  M )  mi 

'  I VI  .  ft'.fi 


Figure  168.  Teinperaturei  in  subsurface  sampler  test 


Figure  169.  Pulverizer  size  comparison 

by  a  siibcontrai'tor.  A  valve  was  a<l<le(l  to  tlie  ilrill  bit 
entraiU'c  port  to  prevent  premature  sami>le  diseb.irne. 

A  (lust  sliieUl  lias  been  desinned  to  iirevcnt  tbe  dust 
from  eoatinj;  tlie  drill  and  spaeeeralt  duiin^  tbe  drilling 
operation,  (airboloy  5.’),\  was  used  lor  tlie  drill  bit  tootb 


Figure  170.  Crushing  test  of  reck  particle 


material  during'  tbe  test  because  of  its  availability.  Car- 
boloy  44.\.  wbieh  is  toucher  and  less  brittle,  is  to  bo 
substituted  for  later  models.  Also,  drill  tooth  impact 
pressure  is  beinj;  reduet'd  by  incri'asin^  the  drill  tootb 
radius  from  D.Ob")  to  D.tWI)  ineb.  Tbe  developmental 
model,  ineorporatin^  tlu-  design  features  tU'seribed,  is 
beinu  iabrieated  and  is  sebeduled  to  be  completed  by 
M.mb  1.  l(Ki2. 

r.  Sample  processinn  sijslem.  Pnberizer  and  sample 
transport  breadboad  tests  are  almost  eompk'te.  Prelim¬ 
inary  desipi  information  from  tbe.se  tests  are  being  re- 
lleeted  in  tlu'  devc'lopmental  mcKlel,  tbe  fabrication  of 
wbieh  has  begun,  moeknp  of  tbe  flight  pulverizer, 
wliieli  is  very  similar  in  shape  to  tbe  developmental 
model,  is  compared  with  tbe  brc'adboaul  in  Figure  16f). 

Tbe  breadboard  pulverizer  tc'sts,  eondueti'd  in  a  10  ^ 
mm  llg  \aeuum,  have  shown  that:  (1)  Tbe  pcdvc'rizer 
is  callable  of  redneing  4  ee  of  Harris  gran.te  to  less  than 
2(K)  mesh  in  less  than  f.")  seconds.  (2)  Tbe  simultaneous 
puKcri/.ing  and  filling  of  tbe  sample  cup  mi'tluHl  using 
2tK)  mesh  serc'cn  w  as  sueeessful. 

To  determine  tbe  elfeet  (>f  dust  or  eruslu'd  rock  spilled 
on  tbe  rails  of  tbc‘  sample  transport  system,  tests  were 
eondueted  with  tbe  transport  breadboard  in  atmosphere 
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Figure  171.  Surface  (ampler  breadboard  extended 


and  in  10  ''inin  llji'  vai'iiiiin.  It  was  sitown  that  ior  a 
Kivon  clcaraiKc  hctwcin  tin-  sainiilc  tups  aiu!  ttHon 
rails,  the  onps  would  j{lidi'  over  small  particles  (  •  2IK) 
inesli),  push  alonn  larne  particles  (  •  20  nu'sh )  and 
jam  on  internicdiati-  si/c  particles.  Tlic  teflon  rails  wer<- 
1<H)  soft  and  therefore  applied  too  low  a  pr«-ssur«‘  to 
crush  the  internu'diate  si/e  iwrticles.  I  lard-coated  alu¬ 
minum  rails  and  reduced  contact  area  hetw<-<‘n  the 
cups  and  rails  are  now  heiiiK  tested  as  solutions  to  this 
problem. 

To  determine  the  force  rcMpiired  to  crush  jiartich-s. 
crushing  tests  have  Ix-eii  performed  ITfti.  \  force 

hetwee-n  '1  and  0  pounds  was  reepured  to  crush  ipiart/: 
particles  s  arsinj;  hetween  0.0.12  to  0.010  inch  in  .liameter 
and  a  force  of  1  to  H  (lounds  was  re<|uired  to  crush  granite 
of  the  same  si/.e.  I’articles  ^^reater  than  ().(  '*()  inch  coidd 
not  he  c  rushed  \\  ith  a  20-pouncl  load.  I’articles  of  this  si/.c‘. 
howevcT,  could  hc'  readily  jmshecl  assay  hy  the  sain|)le 
cuiss. 

f.  Hurfaev  namplcr.  The  surface  sampler  consists  of  a 
scissors-tyjw  extension  mechanism  capable-  of  hc-iiu;  c-\- 
tc-nclc-cl,  elc-satc-cl,  and  rotated  ssith  motor  drives.  .V 
motor-opc-ratc-cl  clamshell  is  located  at  the  end  of  the- 
extension  arm.  The-  mechanism  svill  he  cairahlc-  of  ohtain 
in^  a  2.')-cc  sample  of  loose  soil  from  the  lunar  surface 
hy  mc-ans  of  scraping,  nras))inn,  and  depositing  it  c-ither 
into  the  sample-  rc-cc-iviiiH  nu-asurc-  or  clirc-ctiv  into  thc- 
Has  chromatoj'raph. 

.■\  hre-adhoard  modc-1  of  the-  surfac-c-  sampic-r  is  shosvn 
in  l-'ii'urc-s  171  through  17  1.  l  liis  model  is  complc-tc- i-xcc-pt 


Figure  172.  Surface  sampler  breadboard  retracted 
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for  oporalional  motors  ami  j'carljoxos  wliioli  an-  moc-kiip 
units. 

Tests  will  he  eonclueted  on  this  unit  in  a  hi^li  vaeuuin 
and  will  verify  sueh  enKineerinj;  features  as  teflon-^lass 
sleeve  hearings,  frietion  ])inned  joints,  epoxy  bonding 
of  assemhlies,  and  preeision  of  allowahl(‘  inanufaetiiring 
toleranees.  The  effeet  of  lunar  dust  on  the  hearings  will 
also  he  ehecked. 

The  motors  .seleeted  for  test  of  this  hreadhi  ard  model 
are  pulse  operated,  hidirt'ctional,  salient  pole,  program¬ 
med  logie  type  stepping  motors,  rotating  I.")  d<‘gr«-«-s  jwr 
step.  The  logie  for  these  motors  will  he  packaged  s<*par- 
ately  from  the  motors  and  will  h»-  programmed  for  4.50 
steps  per  seeond.  Tests  will  he  eonduet»-d  to  eheek:  (  1 ) 
the  design  ratios  of  the  gearheads  and  tlu-  pow«‘r  output 
of  the  motor  drives;  (2)  the  preeision  and  manipulation 
ability  of  the  deviee;  (.3)  the  ability  to  manipulate  the 
unit  on  the  basis  of  infonnation  from  T\'  operation 


Figure  173.  Surface  sampler  breadboard  clamshell 

and  by  positioning  potentiometers;  and  (4)  the  manip¬ 
ulation  time  re(|uired  to  obtain  a  soil  sample  by  serap- 
ing,  grasping,  and  depositing  the  sample  in  the  .sample 
receiving  measure. 


K.  Reliability  and  System  Test 

I.  Miability 

a.  Spacecraft  reliability  estinutle;  flight  and  lamling 
phate.  The  following  is  the  .second  estimate  of  the  reli¬ 
abilities  of  the  spacecraft  system  and  its  subsystems. 
The  spacecraft  reliability  for  the  flight  .'md  landing  phase 
is  defined  as  the  probability  that  the  spacecraft,  after 
successhd  injection,  will  not  malfunction  to  preclude 


soft  landing  successfully  on  the  prescribed  portion  of 
the  moon. 

The  functional  requirements  of  each  subsystem  neces¬ 
sary  for  spacecraft  system  success  have  been  synthesized 
into  a  system  mathematical  model  into  which  the  current 
values  of  subsystem  reliability  estimates  have  been  en¬ 
tered  and  provide  the  basis  for  this  prediction.  It  is 
currently  estimated  that  there  is  an  80'r  probability  that 
the  system  reliability  will  be  greater  than  0.69  during 
the  flight  and  landing  phase  of  the  spacecraft.  It  is  fur¬ 
ther  estimated  that  there  is  a  20'r  probability  that  a 
reliability'  greater  than  0.87  will  be  achieved.  The  mean 
reliability  for  the  system  calculation  is  estimated  to  he 
0.78. 

Table  I'l  contains  an  estimate  of  spacecraft  reliabil¬ 
ity  which  is  appraised  according  to  responsible  erpiip- 
ment  design  areas  at  Hughes  .\ircraft  Company.  The 
system  estimate  corresponds  to  that  synthesized  from  the 
following  system  reliability  equation  for  flight  and 
landing: 

Pi  '  Pm  P I'i:  P i  i  s  Prs  P i:s  P ns  P rr  P i.ii  Rk 

where: 

P,,  =  probability  of  flight  and  landing 
P«f  RF  communications 
P,„:  deecKling 

Pus  -  flight  controls 
Prs  electrical  power 
Pf  s  -  propulsion  engines 
Pi,s  --  I'ssential  data  measuring  and 
processing 

Pfr  --  thermal  control 
Pi,, I  -  “  landing  gear 

Rk  ~  intiTconnections,  structure,  separation 
mechanisms 


One  of  the  abo\e  terms,  expanded  and  exaluated  for 
the  sake  of  illustration,  is  shown  below.  The  other  terms 
were  similarly  evaluated. 


where: 


Pu., 

omnidireetional  antenna 

().f)998 

1’-, 

receiver 

().f)95.5 

transmitter 

: :  0.9918 

1’-. 

jdaner  array 

“  0.9990 

transixonder  circuitry 

-  0.9981 

i 
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TabI*  13.  Rallabllily  •■timatat  for  th«  flight 
and  landing  ghvM 


■oNoWlhy  1 

lowof  Ihnll 

Uppot  Kmit 

0.49 

0J7 

ntgM  fBlnl  grewp  0.7S 

Altitud*  r^rpiw*  wnieri,  control  oqutp- 
mont,  roll  vornlor  octuoter,  rotro  burnout 
•onior,  flight  control  occoloromofor, 
ottltudo  lyMom 

0.9S 

fropuUon  group  0.13 

Vornlor  ongino  lyitoni,  rotro-rockot  ongino 

0.94 

it0€tri€tt  ppw9r  group 

Selor  pontlir  bott*ri«« 

0.999 

0.999 

(locfronicf  group  0.979 

Powor  lyclont  control,  coromond  rocohrort, 
trfnipondort.  toloiootiring  tron«n»lttor» 
control  cooiioond  docodori.  oicontlol 
iignol  procoMing  drcultc,  rodort  (oMludo 
m^ng.  dopplor  volocHy,  oltliootor), 
tolovldon  No.  4  oloctronlo 

0.997 

Vohido  group  0.97 

HornoM  ond  IntoroonnoctiOM,  rotro-rockot 
toporoNon,  vohido  dructuro,  londing  goor 

0.90 

Mochonici  group  0.99S 

Antoooo  ond  color  poool  drhro.  vohido 
onchoring,  tolovldon  No.  4,  monlpulotlng 
dovleoi,  optlci 

0.999 

1  Tfc«rRMi4  CMfrvf  QfGwp 

0.99 

0.999 

There  are  512  possible  combinations  of  good  and  bad 
elements  of  the  RF  communication  system.  By  consider¬ 
ing  all  of  the  possible  effective  combinations  and  com¬ 
bining  like  terms,  the  following  expression  for  is 
obtained  (P  means  the  probability  <if  the  function  not 
occurring): 

P,,  =  P,o*  Pa’  Pr'  PPA  P«'  +  2  P,o'  p«'  Pr'  Ppa*  Pb  Pb  + 

2  P,40  Pa’  Pr’  Pp.i  Pb’  Pao  +  2  P,«’  Pa  Pr’  P«m  Pb’  Pb 
+  2  Pao’  Pb’  Pt  Ppa  Pb’  Pt 
4-2  P.40  Pa’  Pr’  P PA  Pb  PaoPb 
2  P40’  Pb’  Pt  Ppa  PbPtPb 
4-  2  P40  Pa  Pt  Ppa  Pb  Pb-\-  ”  ‘ 

•  •  •  hifiher  orders  X  0.998 

When  the  above  equation  is  evaluated  it  can  be  shown 
that  the  higher  order  terms  are  negligible  (those  con¬ 
taining  more  than  one  P)  when  the  individual  P  values 
are  higher  than  0.09,  which  is  the  case  for  this  system. 
The  nonredundant  term  Ppa  becomes  the  dominant  one. 
However,  further  study  of  terms  containing  Prt  may  be 
found  to  have  some  effectiveness  which  will  cause  an 
even  closer  approach  of  Pur  to  unity. 

The  increased  reliability  shown  in  the  propulsion 
group  reflects  the  optimism  of  RMD  in  achieving  their 


required  reliability  goal  based  on  the  more  detailed 
analysis  of  the  proposed  vernier  engine  system.  A  typical 
failure  mode  analysis  chart  submitted  by  the  vendor  is 
given  in  Table  14.  Each  major  item  in  this  subsystem 
has  been  so  analyzed  by  the  vendor. 

Reliability  of  the  electronics  group  similarly  shows 
increased  capability  because  of  new  information  on  a 
vended  system  (Ryan  altimeter  and  doppler  radar).  It 
was  learned  by  more  detailed  analysis  of  potential  fail¬ 
ure  modes  that  unreliability  due  to  the  radar  on-off  duty 
cycle  was  being  weighted  too  heavily  in  the  subsystem 
estimate.  Appropriate  changes  in  the  calculations  re¬ 
flect  the  results  of  this  reappraisal. 

Data  concerning  the  tradeoff  of  reliability  versus 
weight  are  being  accumulated  to  determine  where  reli¬ 
ability  and  weight  can  be  optimized.  By  the  calculus 
of  variations,  it  can  be  shown  that  the  dR/dW  values 
should  he  identical  for  all  series  elements  in  the  optimum 
system.  It  will  be  approached  by  methods  such  as  the  use 
of  redundancies  and  derating  where  such  choices  are 
still  available. 

b.  ComponenU  and  materiaU.  An  investigation  bas 
been  made  to  obtain  information  for  selection  of  wire 
types  which  have  minimum  weight  and  thermal  con¬ 
ductivity  and  will  function  reliably  in  the  lunar  environ¬ 
ment.  The  assumed  environment  is  a  hard  vacuum 
(<  10" "  mm  Hg)  with  temperatures  from  —300  to 
260* F.  Conductors,  insulation,  and  jacketing  materials 
were  examined. 

A  temperature  of  260 *F  in  a  hard  vacuum  produces 
substantial  outgassing  in  many  compounds  commonly 
used  for  wire  insulation.  Very  few  insulating  materials 
have  any  flexibility  at  —300,  while  260*F  exceeds  the 
maximum  allowable  operating  temperature  for  many 
insulating  materials.  Consequently  there  are  only  a  lim¬ 
ited  number  of  materials  worth  considering.  Thus  far, 
TFE  Teflon,  Surok,  and  irradiated  polyethylene  have 
been  tested. 

Conventional  conductors  would  be  expected  to  perform 
satisfactorily  under  lunar  conditions.  Thermal  conductiv¬ 
ity,  weight,  and  flex  life  are  therefore  the  determining 
factors  in  conductor  seloction.  Jacketing  compounds 
should  be  subject  for  the  most  part  to  the  same  limita¬ 
tions  as  the  primary  insulation  materials. 

To  simulate  lunar  temperature  and  pressure,  a  pre¬ 
liminary  1-incli  diameter  glass  test  chamber  was  con¬ 
structed  and  used  to  obtain  initial  temperature  rise 
versus  current  data  on  candidate  wire  types.  Subse¬ 
quently  a  larger  chamber  capable  of  testing  cable  as- 
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Tabic  14.  Typical  fallura  mod#  analycU  chart 


rr«|Mt  CrOI  Drawhic  Nvnibar  III7M  C 
C*iia«Miif  Nam*:  Dual  Praf  Vahra  AMambly 


MMON  UUAWUTY  AUNT 
PAIUMI  MOM  ANAIVMS 


MM 

P«rt 

DMcriptlM  mmd/ot  romoomo 
tot  MiiniMd  falbtn 

Ceaipeaeat 
faUata  Made 

leWaeace 
an  lytlem 

7(fl) 

9  v/h) 

R(RI) 

Railf  far  eetimate  af 
prebablRtlee  aad/ar 
remarht 

Paeilbla  metbede 
la  elbaiaate 
falhtre  made 

(DSoMnold 
Val«* 
(liMI  17) 

(a)  Cell  buret  eul 

PropolloAt  vobfo 
CORROt  bo  OpORod. 

Mlfl^R  roquiro* 
RiOfiH  fooy  ROt 
bo  OMOIR* 

pitflbod. 

0.0001 

1 

0.9999 

Menufacturer't  etiiaiate 
and  engineering 
judgnunt. 

Ib)  OpoH  circullcd  cee- 
eectleet  en  Ibe  eiec- 
•rimi  ceeeecfer  due  te 
eeeettive  theck  eed/er 
vibretlee. 

SoiRO  Ofl  1  (o). 

Sawa  at  1  (a). 

0.0001 

1 

0.9999 

iRpiROOfiRg  judgmoRt 
ood  oiHmoto. 

(<)  SHdiifig  of  pIvfigGr  and 
popptf  1—wbty  Ir 
body  duo  fo  looiporo* 
turo  OEtfomoi. 

Errotic  prop  volvo 
oporodoR. 

Same  at  1  (a). 

1 

1 

1 

Temperature  entramet 
enceuntared  will  net  ba 
great  aneugh  to  caute 
•bit  type  ef  failure. 

(d)  Stieking  ef  ptueger  eed 
peppet  eiieeibly  due 
fe  fereige  etener. 

SaeM  at  1  (<). 

Sanw  at  1  (a). 

0.0001 

1 

1 

iRginooriRg  oiHioofo. 

Tbo  boHuM  tOAk  liHor 
wlH  old  Ir  tbo  mtotiotio- 
dOR  ol  tbil  wlfuRCdOR. 

(e)  Seleeeid  velve  bedy 
deewge  (creckleg. 
diilertiee.  etc.)  due  te 
eecetelve  rlbretiee 
•ed/er  itieck. 

Erratic  prepeRaet 
valve  eperatiae 
due  la  lew  ef  He 
gat  aed/er  ttkk- 
leg  talenald  valve 
plunger  atty. 

Same  at  1  (a). 

0.0001 

1 

0.9999 

Menufacturer't  etilmate 
and  engineering 
iudgmant. 

(f)  Oeterieretiee  ef  teie- 
eeM  valve  bedy  due  le 
ipoce  eevireeuieeti 
(i.e.,  radiatiee.  vacuuai). 

— 

fl 

1 

1 

lopoturo  diRO  to  tboio 
tnuifORRIORH  ll  ROt  loog 
ORougb  to  dotrliRowtotiy 
oHoct  tbo  port. 

(STIMATID  COMPONINT  REIIAUIITY  =  Rc  =  w  (1  -  P{l.}P{F/f.}  |  =  w  |r{R.}]  - 

I  .  t  1:1 


0.9914 


P{f.}  ProbabilHy  of  Occwrranca  of  Pailod  Part 

P{P/f,}  Probability  of  Companont  Poiluro  if 
Port  Pailwro  Occurt 

P{R,)  =  I  -  P{f,)  P{P/f,} 


semblies  as  well  as  single  wires  was  built.  This  test 
chamber  consists  of  six  6-inch  diameter  by  18-inch  long 
pyrex  pipe  tees  (Fig  174).  Elix-trical  leads  are  brought 
out  through  flange  plates  on  the  tec  sidearms.  Each  s(>e- 
tion  is  wrapped  with  nichrome  wire  and  asbestos  insula¬ 
tion  to  provide  the  necessary  elevated  environmental 
temperature.  A  separate  variac  controls  the  power  input 
to  each  18-ineh  section.  The  pumping  .system  enmsists  of 
an  NRC  fore  pump  and  an  Eimac  pyrex  diffusion  pump 
using  DC  704  oil.  A  Vecc-o  ionization  gage  is  u.sed  for 


pressure  measurements.  Pressures  of  2  times  10“  ®  mm  Hg 
are  readily  achiev  -d.  Wire  and  environmental  tempera¬ 
tures  arc  monitored  by  thermocouples.  For  most  tests 
the  average -temperature  deviation  on  the  inside  of  the 
chamber  wall  was  rt3*F. 

Room  temiH'ratiire  flex  tests  are  being  run  to  make  a 
relative  comparison  of  different  conductor  materials. 
These  tests  are  performed  on  a  motor-driven  reciprocat¬ 
ing  device  which  moves  the  upper  end  of  the  wire 
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tlirouf'li  a  180  di't'irc  arc'  wliilc  tlic  lower  end  is  eon- 
strained  l)etwi'i‘n  two  O.lO.'l-ineli  diameter  liori/ontal 
mandrels.  The  insolation  is  strii)iH'd  oil'  the  lower  i-nd  ol 
the  wire,  starting  just  lu-low  the  mandrels.  .\  2(K)-gram 
weight  hanging  on  the  eondnetor  maintains  even  tension 
and  droi)s  to  the  table  \shen  the  eondnetor  tails.  Kies 
testing  at  h’  will  he  eoinlni'ted  in  a  livtnre  presently 

being  built.  Preliminary  tests  have  In'en  eondiuted  by 
simph'  immersion  of  the  sample  in  a  dewar  (lask  tilled 
with  li(|uid  nitrogen. 

To  assist  designers  in  selei  tion  of  wire,  data  have  been 
obtained  on  temperature  rise  versus  i-urrent  tor  several 
wire  types  and  are  presented  in  l''igure  17.").  Dat.i  on 
additional  wires  will  he  made  available  as  tests  are  run. 
Both  .\lloy  6.1  and  eoppiT  londuetors  ajipear  to  satistae- 
torily  withstand  the  exposure  to  lunar  environment  as 
expected. 

Uough  estimates  of  the  relatixf  amount  of  outgassing 
from  ('aeh  type  of  insulation  wfie  made  by  observinit 
the  (h'gree  and  duration  of  changes  in  the  system  pres¬ 
sure  as  wire  temperature  inere.ised,  'I'ahh-  h”)  sninina- 


Table  15.  Outgassing  from  wire  insulation 


Intulolittii 

lyp* 

Rtlotivt  omount 
of  outposting 

Tomporoturo 
ot  which 
outgosiing  is 
lubstontiol, 
•F 

Tomporoturo 
ot  which 
intu  lotion 
foils,  •F 

TFE  teflon 

Slight 

575 

>700 

Surok 

Moderate 

500 

550 

Irrodiated  polyethylene 

Subttantiol 

380 

550 

ri/es  tlu’se  observations,  Surok  is  a  trade  name  designating 
Kl''.!’  lellon  coated  \xith  a  modified  polyamirle  lacipier 
( maile  bx  Dupont  I  vx  hich  provides  greatly  increased 
ahr.ision  nsistanie,  heat  resistance,  and  cut-through 
strength,  thus  ixermitting  the  use  of  .'l(X)-volt,  instead  of 
fi(X)-voll.  insulation  thickness.  .\  comparison  of  the  abra¬ 
sion,  heat,  and  cut-through  resistance  of  Surok  and  FEP 
teflon  is  given  in  Table  16. 

TFE  teflon  and  Surok  do  not  crack  when  fli  xed  severely 
(  ISO  degrees)  at  '100°l'';  irradiated  polyethylene,  how- 
I'ver.  will  fracture  with  only  slight  ( l.T  degrei'S  )  flexing  at 

lOO'l''.  Table  17  shows  the  relative  weights  of  the 


Figure  174.  Temperature-vacuum  teiting  of  cable  assemblies 
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various  wire  types  tested.  From  this  table,  it  is  apparent 
that  Surok  offers  a  weight  saving  comparable  to  irra¬ 
diated  polyethylene. 

Results  of  room  temperature  flex  life  tests  are  shown 
in  Table  18.  Thus  far,  samples  of  Alloy  63  have  been 
available  in  24  AWC  only.  Samples  of  20  through  26 
AWG  are  on  order.  Alloy  63  has  approximately  809t  of 
the  conductivity  of  copper. 

Based  on  the  partial  test  data  available,  Surok  insu¬ 
lated  Alloy  63  is  the  preferred  wire  for  Surveyor.  Teflon 
insulated  Alloy  63  is  equally  satisfactory  except  for  its 
greater  weight.  Irradiated  polyethylene  is  of  questionable 
suitability  due  to  its  outgassing  tendencies  and  its  lack 
of  flexibility  at  — 300*F.  24  AWG  ( '%«)  is  the  minimum 
recommended  wire  size  for  Alloy  63  wire.  Copper  is  also 
a  satisfactory  conductor;  however,  to  obtain  the  same 
flex  life  as  any  given  size  of  Alloy  63,  one  gage  size  larger 
is  required  in  copper.  Studies  are  continuing  and  infor¬ 
mation  will  be  provided  as  it  becomes  available. 

2.  System  TmI 

a.  Syttem  teH  equipment  aaaembly  (STEA)  demgn. 
The  functional  requirements  for  the  STEA  UHF  trans¬ 
mitter  and  receiver  have  been  developed.  This  equip¬ 
ment  will  comprise  four  7-inch  rack  panel  assemblies  and 
will  be  housed  in  the  STEA  transmitter  and  receiver 


0  10  !0  50  <10 


CURRCNT,  ome 

Figure  175.  Temperotura  rite  in  various  conductors 


test  racks.  The  specific  requirements  of  each  are  de¬ 
scribed  below. 

UHF  receiver.  The  UHF  receiver  (Fig  176)  is  de¬ 
signed  specifically  to  simulate  the  DSIF  receiver  functions 
during  spacecraft  testing.  This  unit  will  receive  signals 
from  the  spacecraft  transmitter  and  provide  frequency 
conversion  and  selectivity  such  that  output  IF  signals  of 
60  me  at  bandwidths  of  3.3  me  (3  db) 
and  2.4  me  at  bandwidths  of  10,  20,  and 


Toblo  16.  Comparison  of  plain  and  coated  teflon 


FaraiMttr 

UlMO«*0<l 

rwr  fafivii 

Surok 

par  NAS-703) 

17.7 

34.4 

No.  22  itrondad  candwetor,  IncKat  af  topa 

34.7 

43.7 

Cut'tkrawgk  raiitfonca  (Undarwrlfari 
lobarotorlai  tail) 

Slaw  cafapraitlaa  lait,  powndt  ta  cut 
tkraagk 

40.5 

99.1 

Naatrollan  latt  of  raom  tamparotwra, 
pawndi  la  ewi  thrawgk 

5.4 

10.0 

Hoi  aoWorlnp  iron  toU 

MolH  tKrsvsh 

No  cvl 

•ltd  (horn 

through  In 

out  In  2  !• 

1  kr  wHaa 

3  tac  wKaR 

loodod  with 

(••dod  wMi 

1  lb  woight 

3  lb  woight 

Toblo  17.  Wiro  woight  comparison 


WIro  tlio 

braoMoo,  In/10M  ft 

Woight  of  AMoy 
43  «oodoctor 
ooly.Wo/IOMft 

IOhoH 

ItetoWoo 

Swoil 

Soroli 

IShuN 

94b- 

30  AWO  (19/32  In.) 

5.55 

/  «4 

4.4 

3.90 

22  AWC  (19/34  in.) 

3.92 

3.02 

3.9 

3.42 

34  AWO  (19/34  in.) 

2.77 

2.03 

3.0 

1.54 

24  AWO  (7/34  in.) 

1.97 

1.31 

1.2 

0.33 

31  AWC  (7/34  In.) 

1.47 

0.92 

0.9 

0.57 

Tobio  18.  Flox  lifo  test  rosults 


Coodoctor 

Cyclao  to  folluro 

Alloy  43,  34  AWC  (19/34  in.) 

830 

Coppor,  24  AWC  (19/34  in.) 

594 
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MANUAL  CAIN 


30  kc  «’ill  b<‘  uvailahU'  at  tin-  i-ommancl  and  data 
handling  consnlt’  input  for  demodulation.  TIm*  receiver 
will  provide  phasi’-coherent  detection  of  the  sp.ieceraft 
transmitter  signal  which  will  facilitate  frecpiency  stability 
measurements  and  transponder  evaluation. 

Among  the  requirements  that  have  been  established 
for  the  UHF  receiver  is  a  frequency  range  of  22fM  to 
2300  me,  providing  flexibility  to  add  frequency 
channels  for  possible  program  expansion.  A  choice  of 
three  crystal  frequencies  may  be  selected  by  front  panel 
control.  The  local  oscillator  will  be  capable  of  external 
voltage  tuning  over  a  range  of  *  150  kc  for  the 
purpose  of  locking  on  to  the  receivi-r  signal  and  manual 
control  from  the  front  panel  for  the  jjurpos<>  of  search¬ 
ing  a  narrow  spectrum  for  the  spacecraft-transmitU'd 
signal.  Frciiuency  stability  will  be  1  part  in  10^  parts 
long  term  and  1  part  in  10"  parts  short  term.  Phase 
stability  will  provide  less  than  3  degrees  peak-to-jK-ak 
phase  error. 


Phase  lock  circuitry  will  be  provided  such  that  the 
2.4-mc'  IF  signal  will  In-  phase-detected  with  refer- 
enie  to  a  2.4-mc  crystal  oscillator  to  iTToduce  a 
signal  which  will  be  fed  back  to  the  local  oscillator  to 
priHluce  a  phase-locked  loop.  The  output  time  constant 
of  the  phase  detector  will  be  adjusted  so  that  the  closed- 
loop  noise  bandwidth  is  20  cps  at  the  threshold. 

Sj^urious  responses  will  be  at  least  60  db  below 
the  desired  signal  response,  and  the  over-all  noise  figure 
will  be  11  db  or  less.  .\ii  accurate  input  attenuator 
with  a  range  of  0  to  60  decibels  will  be  provided  as  an 
integral  component  of  the  UHF  receiver.  The  IF  pass- 
band  characteristics  for  both  60  and  2.4  me  will 
duplicate  those  of  the  DSIF  receiver  which  this  unit  is 
riHiuired  to  simulate.  The  10,  20,  and  30  kc  IF 
filters  will  be  of  the  crystal  lattice  type.  Output  levels  of 

.58  to  .38  dbm  for  60  me  and  15  dbm  to  5  dbm 
for  2.4  me  will  be  compatible  with  CDC  requirements. 
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f REQUCNCY 
CONTROL 


cH 


VOLTAGE 

CONTROLLED 

CRYSTAL 

OSCILLATOR 


fOf>  COuNIfH 


Figure  177.  UHF  transmitter  for  system  test  equipment  assembly 


(7/F  tronfimiltvr.  Tlic  UIIF  tniiismithT  (Fin'iro  ITT) 
is  clcsignocl  spi'C'ifioally  to  siiniilatc  tlic  DSIF  transmitter 
functions  during  spacecraft  testinn.  Tins  unit  will  gener¬ 
ate  signals  to  provide  a  coininunication  link  with  the 
spacecraft  and  subject  it  to  v  arious  test  seepnmees  vhiring 
the  process  of  sidisystem  and  system  test  whii-h  will 
check  out  the  spacecraft  receiver,  as  well  as  cjther  por¬ 
tions  of  the  spacecraft.  For  this  purpose,  commands 
originated  in  the  CDC  will  modulate  the  transmitter. 
During  prelaunch  checkout  on  the  launch  stand  at  AMH, 
the  transmitter  will  ])rovide  contact  with  tiie  spac«-craft 
over  a  2-mile  link. 

Characteristics  of  the  transmitter  will  include  a  fre- 
(jueiicy  range  of  2100  to  2200  me,  a  choiee  of 
three  crystal  fre(|uencies  by  panel  selection,  and  a  panel 
control  for  freijuency  variation  over  a  range  of  •  l.'rO 
kc  for  the  purposi-  of  tuning  to  spacecraft  rv'ceive 
fre(|uency.  The  local  oscillator  will  be  extenvally  voltage 
tunabh-,  +  1.50  kc,  for  the  pur|)ose  of  sweeping  its 
freiiuency  while  testing  the  spaceiTaft  transpomler  for 
tracking  range,  tracking  rate,  and  lockon  range.  Fre- 
(juency  stability  will  be  1  part  in  10’  parts  long  term 
and  1  part  in  10''  parts  short  term.  .Spurious  FM  will  be 


1  part  in  10"  jrarts  or  less,  and  phase  stability  is  to  be 
such  that  tlu  re  w  ill  be  no  n>ore  than  3  degrees  pt'ak-to- 
))eak  phase  error,  .A  front  panel  output,  'ir,  of  the  output 
frecpiencv',  will  feed  a  freejueney  eountei'  for  the  purpose 
of  measuring  the  transmitter  output  freipumcy  and 
comimting  the  sjracecraft  reev'iver  input  frequency, 
tracking  range,  and  lockon  range.  The  transmitter  will 
be  capable  of  phase  modulating  its  carrier  2.4  radians 
at  llu'  output  fre(|uency.  Power  output,  variable  from  26 
to  CO  dbm,  is  provided  at  one  panel  connector,  and 
output  variable  from  20  to  -  120  dbm  is  provided 
at  a  second  panel  coniu'ctor.  \  power  level  monitor  is 
])ri>v  idl'd  to  ensure  accurate  output  setting.  RF  leakage 
at  the  I'arrier  freipiency  is  required  to  be  less  than  —120 
ilbm.  Sirurious  output  fri'iiueni'ies  will  be  at  least  60 
decibels  below  the  i'arrier  level. 

h.  Mufinctic  testinfi.  The  search  for  a  site  for  the 
magnetic  testing  facility  is  continuing.  The  Hughes 
Baldwin  Hills  site  was  checked  and  found  to  be  too 
noisy  ( ap]iro\imalely  2.5  gammas  rms  ac  noi.se).  .\  site 
in  F.l  .Segundo  was  found  to  have  a  low  de  gradient 
(less  than  I  gamma/ft)  and  a  low  ac  level  (approxi- 
mati'ly  .S  gammas  rms).  However,  it  was  dei'ided  not  to 
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use  this  location  In'caiiso  lliijilios  coiilcl  not  control  tiu- 
snrronncling  ari“a  wiiicli  inii;ht  hcooino  a  sonrc-o  of  inan- 
lu'tic  intorfiTcnc't'.  A  site  was  ollcicd  on  a  -lOO-ac'iv  ranch 
20  miles  north  of  Malihn,  hot  since  this  location  is  some¬ 
what  distant,  a  site  closer  to  Malihn  is  heinj»  soiif'ht. 

Prc'liminary  procurement  specifications  and  drawiiiHs 
have  been  clraftc'd  for  the*  magnetic  test  facility.  The 
major  part  of  the  test  facility  ss'ill  be  the  coil  array,  a 
s\  stem  of  eight  large  coils  located  on  three  pt'rpi'iidic  nlar 
axes  and  monnteci  in  a  cubical  structure  attached  to  the- 
floor  (Fig  178).  Four  Fanselau-Braunbeck  coils  will  be 
mounted  along  the  A  axis,  whic  h  will  be  alignc-d  with  the- 
F.arth  s  magnetic  ficdcl.  A  Hcdinholt/  pair  of  coils  will  Iw 
mounted  along  the  (I  axis,  which  will  be  aligned  with  the 
magnc'tie  east-west  direction.  .A  second  llcdmholt/.  pair 
will  bc'  mounted  on  the  11  axis,  which  will  be  pccpc-ndie- 
ular  to  the  A  and  axc“s.  The  largest  coils  will  be-  12  fc‘c-t 
in  dianietc'r. 

This  hybrid  design  using  llelmholtz  and  Fanscdaii- 
Braunbcck  coils  was  cbosen  for  the  following  reasons. 
For  the  given  maximum  coil  si/e  ol  12  feet,  the-  Itelmholt/ 
coils  are  spaced  (i  fc-et  apart.  The  Fanselau-Brannbcck 
coils  arc'  spacc'cl  .'1  fec-t  apart.  If  Fansc'lau-Braunbc'ck  coils 
were  used  on  all  three  axes  there  would  be'  virtually  no 
working  acec'ssibility  at  tbc'  magiu'tie  fic'ld  fre  e'  /one  at  the' 
cc'ntc'r  of  the  coils.  By  using  llehnholt/  c'oils  on  axes  B 
and  C,  accessibility  is  much  improxc'd.  Kffc'ctivenc'ss  of 
the'  Fanselau-Braunbeck  coils  is  much  grc'atc'r  than  the* 
Hc'lmholt/  coils.  .A  thrc'c-axis  llc  lmholt/  array  of  similar 
si/.c'  would  rc'sult  in  a  magnc'tic  field  frc'c'  spbc're  (0  ‘  10 


A  AXIS 

AliCNtO  with  tAHTM 
MAGNiTtC  ftCLO 


(  AXIS  (EMERGiNO  FROM  PAG!  I 
AliGNCO  with  I-ARTh  MAGNITiC 
tAST  W€ST  OtRtCTiON 


8  AXIS 

PlRPtNOlCW-AR 
TO  A  AND  f  Axrs 


MORK  VOlUMf 


WORK  TA8lf 
P1A1TORM 


Figure  178.  Magnetic  test  facility  layout 


gammas)  of  approximately  I..”!  fei't  cliamc'tc'r.  By  using 
Fanselaii-Braunbeek  coils  on  one  axis  and  approximatc'ly 
aligning  that  axis  with  the  Farth  fic'ld,  the  field  frc'c 
s])her<'  at  the  center  of  the'  coils  is  expandc'd  from  ap¬ 
proximatc'ly  I..'!  to  .‘l.'l  fc'c't  in  diamc'tc'r.  The'  prc'liminary 
spc'eifications  and  drawings  have  bc'C'ii  submitted  to 
bidders  for  cpiotc'S. 

Use'  was  made'  of  the'  Space  Tc'chnology  Laboratory 
Magnc'tic  Tc'st  Facility  at  Malibu,  California,  to  meas¬ 
ure'  the  pc'rmanent  field  of  sc'xc'ral  componc'nts,  with  the 
following  residts; 


Componc'nt 

.Maximum  fic'ld  at 

1  foot 

Travc'ling-wave  tube 

2000  gamma 

Miniature'  rc'lay 

1.50  gamma 

Digital  motor 

10  gamma 

Magnc'tron 

47,.5(K)  gamma 

c.  Sterilization.  A  continuing  componc'nts  and  mate¬ 
rials  study  is  bc'ing  condnctc'd  to  c'valuate  the  compati¬ 
bility  of  the'  Surveyor  components  and  materials  to  the 
ste-rilization  re'ciuirc  me'nts  of  c'xposure  to  he'at  (two  cycle's 
of  .ft)  hours  at  2."'F)  and  gas  ( e  thyh'ne  oxide  and  Fre'on 
12  for  24  hours)  proec'ssc's.  To  date'  the  he'at  and  ethyleme 
oxide  te'rminal  gas  sterilization  compatibility  tests  of 
matc'rials  are'  approximate'ly  H5'i  comple'tc. 

In  an  effort  to  .  ;'main  consistc'nt  with  the  philosophy 
of  ste  rilization  In  heat,  efforts  are  1>e'ing  made  to  pro¬ 
vide'  a  hc'at-stc'rili/ablc'  spacc'cnift.  He'at  labile  compo- 
iie'iits.  such  as  the'  irhotomidtiplie'r  tube  of  the  Canopus 
se'ii.sor,  are  currc'ntly  being  e'valuatc'd  for  inclusion  in 
a  hc'at-ste'rili/.able'  package'.  Similarly,  gyros  of  tbe  iner- 
liid  rc'fe'rc'ne  c'  unit,  although  lu'at-sterilizable,  must  be 
individually  adjustc'd  afte'r  lu'at  stc'rilization  prior  to 
fae-torx-  shipme'iit,  whicb  is  inconsistent  with  the  sterili¬ 
zation  philoso])by.  Siitisfactory  metbcKls  of  installation 
and  adjustme'nt  are  being  .studieKf. 

.As  revc'aled  in  the  development  of  the  thermal 
switehe's,  the'  low  thennal  conductivity  and  high  mexf- 
edus  of  e'lasticity  of  the  polxstxrene  switch  case  is  not 
eulaptable  to  he'at  sterilization.  .A  material  substitution 
program  is  being  pursued  to  provide  a  material  similar 
physically  to  polystyrc'ne  liut  with  an  adecpiate  eisable 
te'm]ie'ratnre'  range'.  Current  results  indicate  at  least 
thre'c'  candidate'  materials.  The  properties  of  tbe  candi- 
elale'  malerials  are'  shown  in  Table  19  in  re'lation  to 
polystyrene'. 

.Abhetalite,  whose'  eonstitue'iits  are  based  on  a  combi¬ 
nation  of  iiolyiirelhane  and  epoxy  rc'sins  with  a  suitable 
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Tabu  19.  Switch  maUrialt 


Froe«r*in 

P*ly 

•lyrM* 

AblotolH# 

8«x«Ui* 

1433 

T4X*II«* 

n94« 

Th«rmol  conductivity, 
ITU/hr/ftVF/#t 

0.0584.080 

O.OM 

0.085 

0.18 

Eloitic  modulus,  pii 

4-3  X  to* 

3-3  X  10* 

4X10* 

1  X  10* 

Tonsil#  strongth,  psi 

5-9  X  10' 

8X  10' 

7-9  X  10' 

38-49  X  10' 

Moximum  usobi# 
tomporoturo,  *F 

170 

300-500 

300-400 

264 

Thicknoss  obtoin- 
obit,  inch 

0.010 

0.015 

0 

0 

^Currently  undor  study. 

filler,  shows  promising  characteristics.  Flexibility  is 
afforded  in  that  the  strength  characteristics  can  be  varit'd 
by  the  concentration  of  filler  with  little  variation  in  the 
coefficient  of  thermal  conductivity.  A  program  is  under 


way  with  Reaction  Motors  Division  of  Thiokol  (only 
present  Ablatalite  source )  to  provide  samples  of  varying 
constituents  to  best  approach  the  characteristics  of  poly¬ 
styrene.  A  recent  attempt  at  machining  a  thermal  switch 
proved  that  Ablatalite  was  machinable  to  0.015  inch. 
Machining  to  0.010  inch  was  not  completed  prior  to  the 
reporting  period.  Simultaneous  efforts  are  being  made 
to  evaluate  Rexolite  1422,  a  cross-link  polystyrene,  and 
Texolite  11546,  a  glass  epoxy,  whose  properties  are  also 
shown  in  Table  19. 

Since  the  shelf  life  of  the  landing  gear  shock  absorber 
is  limited  and  ri-petitive  heat  sterilization  imposes  a 
most  critical  reejuirement  on  the  design,  an  installation 
procedure  of  the  shock  absorber  at  the  Atlantic  Missile 
Range  is  being  considered.  The  vendor.  The  National 
Water  Lift  Co.,  under  Hughes  Aircraft  Company  cog- 


Figur*  17V.  Matter  sterilization  plan 
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nizance,  would  heat-sterilize  the  shock  absorber  column 
and  <  induct  operational  tests  prior  to  shipment. 

A  tentative  master  sterilization  plan  in  block  form  is 
shown  in  Figure  179.  The  heat  labile  components  which 
are  individually  handled  are  being  investigated  for  in¬ 
corporation  into  one  heat-sterilizable  spacecraft  package. 


L  Mission  Operations 

1 .  Launch  Operations 

A  number  of  changes  in  the  basic  Atlantic  Missile 
Range  (AMR)  test  philosophy  have  Iwen  made  since 
the  mission  operation  phasing  chart  was  issnctl  in  the 
Space  Profirtinis  Summary  No  37-12.  Most  of 
the  changes  are  a  result  of  tlu‘  derision  by  JIM.  to  iwr- 
form  the  terminal  surface  sterilization  off-stand,  luMore 
mating  the  spacecraft  to  the  Centaur.  .\  getu'ral  stat(>ment 
of  the  current  .\MR  test  philosophy  is  given  l)«‘l<»w. 

a.  Spacecraft  arid  STEA  checkout  at  AMR.  The  .space¬ 
craft  will  be  heat-sterilized  at  Oulver  (lity  before  bedng 
shipped  to  AMR.  The  present  plan  is  to  have  the  System 
Test  Ecjuipmc'nl  .Assembly  ( STF..A )  arrive  simultaneously 
with  the  spacecraft.  Since  the  first  STF.A  cU-liverc'd  to 
AMR  has  been  used  prc'viously  to  check  out  a  spacec-raft 
at  Cadver  City.  onl.  minimum  interface  tests  will  be 
required  to  check  out  the  STF..A  with  the  spacecraft. 

The  first  flight  spacecraft  \s  ill  arris-e  8  wec'ks  prior  to 
the  first  launch  window  and  will  be  assembled  with 
special  attention  to  items  that  may  not  be  heat-stc'rilized. 
such  as  the  inertial  reference  unit  and  Sun  sensor  of  the 
flight  control  unit.  An  abbreviated  functional  check  will 
he  made  at  this  time.  Thesr-  tasks  will  be  performed  at 
the  checkout  facilitv  at  AMR. 

h.  Proofing  operatioru.  The  first  flight  spacecraft  will 
b<-  moved  to  the  final  assembly  ar<-a  where  it  will  go 
through  a  series  of  proofing  operations.  The  pnarfing 
operations  are  designed  to  confirm  »-(|uipment,  personnel, 
and  procH'dures  in  the  AMR  environment. 

c.  Compatibility  checkn.  Compatibility  checks  will  he 
performed  at  tlu*  launch  complex  to  verify  that  the 
spacecraft,  the  Centaur,  the  Atlas,  and  the  launch  com¬ 
plex  are  com|)atible. 


d.  Field  acceptance  teat.  The  spacecraft  will  be  de- 
mated  from  the  Centaur  and  returned  to  the  checkout 
facility.  About  4  weeks  are  planned  for  each  flight  space¬ 
craft  for  the  field  acceptance  test  which  will  afford  a 
comph'te  checkout  of  the  spacc'craft  as  near  launch  as 
possible.  Although  no  environmental  testing  is  antici¬ 
pated  at  AMR,  the  tests  performed  during  the  period  will 
be  nearly  identical  to  the  acceptance  test  procedures  at 
Oulver  Oity,  modified  to  fit  AMR  testing  rerpiirements. 

e.  Flight  preparation.  The  spacecraft  will  be  moved 
t»>  the  final  assembly  area.  Flight  preparation  will  include 
installation  of  (light  eipiipment,  loading  of  lirpiid  pro- 
pidlants,  installation  of  main  retro-rocket,  and  installation 
and  checkout  of  marker  radar.  The  helium  and  nitrogen 
tanks  will  In*  pressurized,  and  the  igniters  and  squibs 
will  be  installed.  The  weight  and  balance  and  thrust 
alignment  check  will  be*  pc*rformc*d.  The  General  Dy¬ 
namics.  Astronautics  Division,  shroud  will  be  installed 
and  hcTinetically  sealed.  The  terminal  surface  steriliza¬ 
tion  operation  of  approximately  i2  hours  duration  will 
In*  pc‘rformt*d  at  this  time*.  Physical  access  to  the  space¬ 
craft  will  not  be  possible  after  this  time. 

f.  Launch  countdown.  The  spacc'craft  will  be  moved 
to  tin*  launch  comph*x  and  mated  with  the  Centaur, 
after  which  as  many  systems  and  scientific  instruments 
as  possible  will  be  clu'cked  via  the  RF  link  from  the 
trailer-mount(>d  Command  and  Data  Handling  Console. 
Only  ((ualitativc*  checks  can  be*  made  on  designatwl 
scientific  instrumc*nts  and  spacecraft  systems  bc'cause  of 
time  and  i*nvironmental  restrictions.  The  objective  will 
be  to  design  spacecraft  e(|uipment  so  as  to  permit  seal¬ 
ing  within  tlu*  shroud  for  a  pt*ri(xl  of  up  to  10  days  to 
allow  for  normal  opt*rations  plus  recxcling  operations 
nei'c*ssitat«*d  by  possible  di*lays  in  firing  or  use  of  the 
backup  spacecraft. 

2.  Command  and  Data  Handling  Console 

Purchase  orilers  have  been  placed  for  all  subcontract 
ih'ms  in  the  command  and  tlata  handling  amsole  ( CDC ) . 
Circuit  d«*signs  ha\'e  bec*n  complett*d  for  all  Hughes- 
develo]K'rl  console  units  except  the  demcxlulator  and  the 
bulfer  unit.  Compli*tion  of  mechanical  designs  (with  the 
sanu*  two  exct*ptions)  will  allow  prototype  fabrication  to 
begin  by  tlu*  end  of  December  1961.  Demixlulator  and 
boiler  tinit  fabrication  will  begin  in  January  1962. 

a.  Mockup.  The  physical  configuration  of  the  CDC  has 
been  c'stablished,  and  a  iniX’ktqi  of  this  configuration 
has  b»*en  completed  (Figure  180).  The  present  CDC  de¬ 
sign  c(>nsists  of  a  three-bay  control  console  and  seven 
standard  19-inch  equipment  racks  in  an  1. -shape  plan. 


CONFIDENTIAL 


181 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


Figure  180.  Command  and  data  handling  console  mocicup 
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The  low  density  patch  panel  is  used  primarily  for 
checkout  and  calibration.  Outputs,  inputs,  and  test  points 
of  various  units  are  routed  to  this  panel.  The  panel  is 
wired  so  that  when  a  patch  cord  is  plugged  in  to  the 
jack,  the  normal  connection  of  that  function  is  discon¬ 
nected  and  a  new  connection  is  made  by  the  patch  cord. 
By  this  method,  in  addition  to  checkout  flexibility,  some 
changes  in  system  configuration  can  be  made  under 
abnormal  circumstances. 

In  the  CDC  a  number  of  on-line  spares  are  provided  to 
minimize  station  down-time  due  to  c'onsole  failure.  These 
spares  include  a  demodulator,  three  discriminators  (mini¬ 
mum),  decommutator,  TV  video  processor,  TV  photo¬ 
graphic  recorder,  punched  tape  reader,  command 
generator,  power  supply,  and  subcarricr  oscillator. 

b,  PCM  decommutation  eyatem.  Electro-Mechanical 
Research  (EMR)  was  awarded  the  subcontract  on  No¬ 
vember  3,  1961,  for  ten  PCM  decommutation  systems, 
to  be  utilized  in  the  command  and  data  handling  system. 
The  proposed  system  is  very  similar  to  the  EMR  standard 
digital  decommutation  production  line  and  will  require 
only  a  minor  design  and  development  effort  to  meet 
Surveyor  re<|uirements.  The  PCM  decommutation  sys¬ 
tems  provide  flexibility,  accuracy,  and  outstanding  syn¬ 
chronization  performanc'e. 

Salient  characteristics  of  the  proposed  system  are  as 
follows: 

(1)  Solid-state  circuits  and  modular  construction 
throughout. 

(2)  Bit  rates  of  45  to  80,000  serial  PCM  per  second, 
word  rates  of  8  to  5500  per  second,  frame  lengths 
of  5  to  128  channels,  and  up  to  33  bits  for  frame 
synchronization  codes. 

(3)  Binary  and  binary-coded-decimal  digital  outputs 
and  analog  outputs. 

(4)  Full  use  of  digital  circuits,  affording  high  accu¬ 
racy,  synchronization  flexibility,  and  rapid  data 
acquisition. 

(5)  Patchboard  control  of  digital  and  analog  outputs 
(wired  for  expansion). 

The  first  system  is  scheduled  for  delivery  in  February 
1962.  Environmental,  acceptance,  and  reliability  tests 
will  be  performed  on  the  first  system.  The  nine  remain¬ 
ing  systems  will  not  undergo  environmental  tests  but 
will  be  subjected  to  acceptance  and  reliability  tests.  The 
reliability  test  consists  of  55  hours  per  system  of  .system 
operation  and  will  be  performed  aft<!r  the  completion  of 
the  acceptance  tests.  Monthly  j)rogrt:ss  reports  and  bi¬ 


weekly  PERT  (Program  Evaluation  and  Review  Tech¬ 
nique)  charts  will  be  provided  to  monitor  production 
schedules. 

c.  TV  recording  and  monitoring  unit.  A  subcontract 
was  awarded  to  Hallamore  Electronics  Corporation  of 
Anaheim,  California,  to  design  and  manufacture  the  CDC 
television  monitoring  and  photographic  recording  system. 
The  system  to  be  applied  by  Hallamore  will  consist  of 
three  major  subunits:  (1)  a  video  processor  sync  sepa¬ 
rator  which  will  acquire  vertical  and  horizontal  synchro¬ 
nization  and  provide  synchronizing  signals  to  the  monitor 
and  recorder  as  well  as  perform  line  to  line  clamping  of 
the  video,  (2)  a  visual  monitor  which  will  utilize  a  long 
persistence  cathode  ray  tube  to  enable  the  operator  to 
perform  a  real-time  evaluation  of  the  received  slow  scan 
picture,  and  ( 3 )  a  photographic  unit  which  is  basically  a 
monitor  with  a  short  persistence  blue  phosphor,  a  35  mm 
frame  type  camera  which  has  a  built-in  “data  box”  to 
record  the  frame  identification  data  pertaining  to  the 
received  television  picture  as  well  as  time.  The  limiting 
resolution  of  the  ground  system  will  be  720  lines  on  the 
photograph.  Thus  the  estimated  resolution  of  the  ground 
unit  with  a  600  line  by  600  element,  noise-free  input 
would  be  approximately  410  lines  vertical  and  460  lines 
horizontal  resolution.  Studies  were  made  indicating  that 
significantly  higher  display  resolution  could  not  be 
achieved  within  the  development  plan  for  Surveyor. 

This  system  is  very  similar  to  the  ground  portion  of 
the  Ilallamore-designed,  slow  scan  television  link  used 
by  C'onvair  on  the  Centaur  project.  The  system  is  used 
by  C.'onvair  to  monitor  and  rec'ord  the  condition  of  the 
li<|uid  hydrogen  in  the  Centaur  fuel  tanks  under  flight 
conditions.  Only  minor  electronic  and  mechanical  re¬ 
design  is  reonired  to  adapt  this  c(|uipment  to  Surveyor 
requirem  mts. 

Tlie  piototypc  unit  is  to  be  delivered  to  Hughes  by 
March  12,  1962.  This  unit  will  have  completed  all  accept¬ 
ance  and  environmental  tests.  After  systems  integration 
tests  with  the  CDC,  the  prototype  will  be  returned  to 
Hallamore  for  any  changes  required  to  update  it  to  the 
prcMliiction  configuration. 

d.  Demodulator.  A  design  review  was  held  on  the 
circuits  of  the  demodulator.  It  was  felt  that  for  narrow- 
band  operation  the  original  design  resulted  in  more 
local  oscillators  and  IF  frequencies  than  was  desirable 
from  the  standpoint  of  possible  interference  problems. 
It  was  learni'd  that  a  2.4  mc/sec  signal  output  from 
the  d«'ep  space'  station  receiver  which  could  be  used 
for  narrow  band  operation  was  available.  Rt'design  of 
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the  demodulator  narrow  band  section  using  this  2.4 
mc/sec  input  was  therefore  undertaken.  The  resulting 
circuitry  (Fig  181)  is  considerably  simpler  than  the 
original  design  since  several  local  oscillators  and  one 
narrow-band  discriminator  were  eliminated. 

e.  Di$cHtninaU>n.  EMR  Model  187  discriminators 
have  been  selected  for  the  CDC.  These  discriminators  are 
phase-locked  loop,  solid-state  units  in  which  the  latest 
techniques  are  employed  in  determining  optimum  loop 
parameters.  These  techniques  have  been  arrived  at 
through  empirical  results  as  well  as  analytical  considera¬ 
tions.  The  components  affecting  loop  optimization  are 
contained  in  the  channel  selector  and  output  filter 
plug-in  units.  As  a  result,  separate  plug-in  units,  con¬ 
taining  loops  optimized  for  each  of  the  various  combi¬ 
nations  of  spacecraft  information  rates,  waveforms,  and 
deviations,  will  be  required,  and  only  a  minimum  of 
basic  discriminator  units  will  be  needed.  Ten  of  the 
basic  discriminator  units  will  be  provided  for  each  con¬ 
sole.  Since  analysis  of  mission  sequence  indicates  that  a 
maximum  of  seven  subcarrier  channels  will  be  utilized 
simultaneously,  three  discriminators  can  be  considered 
spares. 

Present  spacecraft  data  requirements  indicate  a  need 
for  20  channel-selector  plug-in  units  and  17  output-filter 
plug-in  units.  CDC  patching  capabilities  will  allow  any 
combination  of  discriminators  and  plug-in  units  dictated 
by  data  requirements,  thus  affording  considerable  flexi¬ 
bility.  In  addition,  the  discriminators  chosen  are  well 
adapted  to  the  requirement  for  console  expansion  capa¬ 
bility,  since  additional  data  requirements  or  changes  in 
present  data  channel  configurations  necessitate  only  addi¬ 
tional  plug-in  units.  Standard  Inter-Range  Instrumen¬ 
tation  Croup  (IRIC)  channel  configurations  can  be 
obtained  by  use  of  proper  plug-in  units.  While  little  or 
no  threshold  improvement  will  be  obtained  in  some  of 
the  present  spacecraft  channels  (compared  with  pulse 
counting  discriminators),  a  substantial  threshold  im¬ 
provement  will  be  obtained  in  channels  using  higher 
modulation  indexes. 


3.  Surveyor  Data  Haduetlon  and  Procosifng 
Facility 

The  Surveyor  data  processing  facility  at  the  Hughes 
Culver  City  plant  is  designed  to  provide  efficient  han¬ 
dling  of  data  re(|iiired  for  final  spacecraft  performance 
analysis  from  a  variety  of  magnetic  tape  formats,  to 
allow  means  for  data  monitoring,  and  to  generate  tapes 
for  computer  rtnluction  and  analysis.  A  data  processing 


Rgui*  1t1.  OMNodulotor  block  diagram 


facility  functional  arrangement  has  been  established 
(Fig  182),  consisting  of  tape  reproducers  intercon¬ 
nected  through  patchboards  to  decommutators  and  de¬ 
modulators.  The  latter  are  in  turn  interconnected  to 
direct  recorders  and  the  complex  of  equipntent  employed 
to  generate  two  distinct  computer  fonnats.  The  type 
and  quantity  of  units  conform  to  the  anticipated  data 
flow  generated  by  the  Surveyor  spacecraft  instrumenta¬ 
tion  system  with  the  additional  data  generated  by  the 
Deep  Space  Instrumentation  Facility,  command  and  data 
handling  consoles,  and  range  timing  systems. 

A  detail  specification  has  been  prepared  for  a  universal 
magnetic  tape  search  system  which  will  permit  display, 
control,  and  translation  of  various  range  time  formats 
needed  for  editing  and  data  time  identification.  The 
unit  will  also  provide  means  for  rapidly  extracting  de¬ 
sired  data  from  nonsequential  portions  of  the  magnetic 
tape.  A  second  detail  specification  defines  the  format 
control  buffer,  a  computer  preparation  subsystem  con¬ 
sisting  of  analog  and  digital  signal  switching  units, 
analog-to-digital  converters,  buffers,  and  buffer  controls 
which  will  arrange  data  in  formats  for  entry  into  the 
C-15  or  IBM  7090  computers. 

The  manual  and  semiautomatic  mode  of  data  process¬ 
ing  operations  will  be  used  to  supplement  the  automatic 
magnetic  tape  processing  complex.  This  mode  is  ar¬ 
ranged  functionally  to  support  the  Surveyor  program, 
as  shown  in  Figure  183. 
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4.  Survyor  SpaeueraH  Simulator 

A  firm  detail  design  specification  for  the  Surveyor 
spacecraft  simulator  (Figs  184  and  185)  has  been  re¬ 
leased.  This  unit  will  be  utilized  at  each  station  of  the 
DSIF  to  provide  CDC-DSIF  spacecraft  system  checks 
as  required. 

A  design  criteria  of  the  simulator  is  that  it  must  pro¬ 
vide  the  capability  to  transmit  each  subcarrier  frequency' 
complex  which  will  be  transmitted  from  the  spacecraft. 
In  many  cases,  the  spacecraft  signal  processing  subsystem 
provides  redundant  subcarrier  oscillator  frequencies  for 
different  experiments.  This  redundancy  has  been  elimi¬ 
nated  in  the  simulator.  Since  the  preceding  bimonthly 
summary,  the  surface  geophysical  package  simulation  has 
been  eliminated,  made  possible  by  changes  in  the  ar¬ 
rangement  of  spaceraft  subcarrier  oscillator  frequencies. 

The  deep  space  stations  are  designed  to  provide  a 
precision  radio  tracking  system  that  includes  the  meas¬ 
urement  of  radial  velocity  utilizing  a  two-way  doppler 
system.  The  advisability  of  including  doppler  simulation 


in  the  spacecraft  simulator  was  carefully  considered. 
However,  provisions  for  a  doppler  simulation  test  will 
be  incorporated  in  the  DSIF  doppler  extraction  sub¬ 
system.  Therefore  this  capability  will  not  be  provided  in 
the  Surveyor  spacecraft  simulator.  A  digital  readout  capa¬ 
bility  has  been  added  to  facilitate  checkout  and  fault 
isolation. 

Existing  spacecraft  circuitry  and  packaging  design 
will  be  utilized  to  the  fullest  extent  possible  in  the  simu¬ 
lator,  but  some  changes  must  be  made  to  provide  for 
maintainability.  Test  points,  circuit  breakers,  jack  panels, 
etc.,  will  be  added  to  make  all  critical  circuitry  readily 
accessible  for  maintenance,  fault  isolation,  or  simulation 
of  possible  spacecraft  malfunctions. 

Two  additional  areas  of  simulator  application  are  pres¬ 
ently  under  study:  ( 1 )  use  of  the  simulator  for  chedcout 
of  the  CDC  when  DSIF  equipment  is  not  available,  and 
(2)  possible  use  of  a  tape  recorder  or  other  means  to 
simulate  moon  path  time  delay  effects  in  spacecraft 
responses  to  earth  commands. 
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Figure  184.  Surveyor  tpoc«craft  simulator 
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RF  TRANSMISSION  SYSTEM 
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Rgur*  Its.  Simulator  rack  layout 


The  first  may  be  accomplished  by  making  the  space¬ 
craft  simulator  or  portions  of  the  system  portable  to 
permit  removal  to  the  main  control  building.  The  second 
would  provide  a  more  realistic  operational  simulation 
for  maintaining  operation  proficiency  and  for  develop¬ 
ing  new  operational  procedures. 


5.  Lunar  Mission  Saquaneing  Documantathn 

It  is  planned  that  documentation  of  the  transit  and 
lunar  operations  will  be  categorized  into  one  of  three 
possible  levels  depending  on  the  purpose  of  the  docu¬ 
ment,  the  ultimate  user,  and  the  amount  of  detail 
required.  The  first-level  documents  will  include  the 
information  necessary  to  define  facilities;  establish  oper¬ 
ational  requirements;  and  guide  the  Lunar  Operations 
Director  ( LOD )  and  the  Directors  of  the  Data,  Opera¬ 
tions  and  Control  Facility  (DOC),  DSIF,  and  Space 
Science  in  controlling  the  mission.  Second-level  docu¬ 
ments  will  outline  detail  operating  requirements  and 
guides.  Third-level  documents  will  define  detail  operat¬ 
ing  procedures. 

In  each  level  of  documentation,  only  as  much  detail 
on  mission  sequencing  will  be  included  as  is  required  by 
the  respective  users  in  order  for  them  to  control  their 
portion  of  the  mission.  Selected  blocks  of  the  mission 
sequence  chosen  to  illustrate  how  the  sequencing  will 
be  handled  in  the  three  levels  of  documentation  are 
shown  in  Tables  20,  21,  and  22.  The  sequencing  shown 
is  expected  to  change  somewhat  by  the  time  the  first 
SFOP  (Space  Flight  Operation  Plan)  is  published;  the 
examples  show  format  rather  than  actual  sequencing 
details. 


Tabla  20.  First  loval  Bac|uanca  of  avants  (SFOP) 


How  N«. 

Tinw  •(  •«•••* 

ItRRGwB  AftMl 

StaHofi* 

A 

T  4  115*1 

OSIF  3,  DOC 

Sompit  idofiHfk  tomporohiros. 

7 

T  +  117i* 

DSIF  3.  DOC 

Cendwcl  danilly  MpcriRwiit. 

1 

T  +  147i« 

DSIF  3.  DOC 

Compl*l*  firil  TV  wrmy. 

9 

T  +  147i« 

DSIF  3.  DOC 

IoqIfi  rodlotion  dotoctor  OKporliiiofit  with  Woom  oictonddd 

10 

T  +  IGSm 

OSIF  3.  DOC 

C»*dwct  acowMic  vvlecily  •Kp*riiin*l. 

11 

T  +  17Bm 

DSIF  3,  DOC 

Sompl*  Kimliflc  Mmpcrolurat. 

12 

T  +  179*1 

OSIF  3,  DOC 

Co*diict  wil  Rwcliaiiia  •iparimant. 

13 

T  +  .230*1 

DSIF  3,  DOC 

Sampi*  idMillfic  tamparalwrat. 

14 

T  +  231*1 

OSIF  3,  DOC 

Conduct  hordnoM  oxptrlmont. 

15 

T  +  261*1 

OSIF  3,  DOC 

Conduc*  mogiMlk  tumpNbillly  •iip*rl*wnl. 

16 

T  +  276*1 

DSIF  3,  DOC 

Somplo  iclontifk  tomporotvroi. 

17 

T  +  277m 

DSIF  3,  DSIF  4,  DOC 

Trqnifar  cenirel  to  DSIF  4. 

It 

t7lm 

DSIF  4,  DOC 

Conduct  thormol  diffusivity  oxporimont. 

19 

T  +  290m 

DSIF  4.  DOC 

Sompl*  Kiantific  t*mp*ralur*t. 

20 

T  +  300m 

DSIF  3 

Lois  of  DSIF  3  visibility. 

*T:  Iwnor  touchdown 

*DSIP  3i  Ooldilono;  DSIF  :  Woomoro. 
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Mission  sequencing  to  be  included  in  the  standard 
sequence  of  events  portion  of  the  SFOP  will  consist  of 
two  types  of  presentations:  a  bar  chart,  similar  to  Fig¬ 
ures  11  through  17,  showing  the  order  of  events,  their 
duration,  and  time  the  event  should  occur,  as  well  as  the 
visibility  period  of  each  deep  space  Station,  which  can 
be  time-correlated  widi  the  sequence  of  events  once  the 
time  of  lunar  toudidown  has  been  established.  This 
type  of  presentation  will  be  used  to  quickly  determine 
the  planned  activity  during  any  given  time  period  and 
the  effect  of  deviations  from  the  standard  sequence. 

The  second  presentation  to  be  included  in  the  SFOP 
(Table  20)  shows  each  major  function  to  be  performed 
al(mg  with  the  time  referenced  to  lunar  touchdown. 
The  functions  are  identified  by  an  item  number,  also 
used  as  a  reference  for  the  second-  and  third-level  docu¬ 
ments.  This  table  will  be  used  by  the  LOD  to  control 
the  mission  and  equate  actual  with  planned  events. 

The  SFOP  information  will  be  expanded  for  the  DSS 
Operating  Memo  (Table  21).  In  this  document,  the 
items  in  the  SFOP  are  broken  down  into  various  func¬ 
tional  steps  to  be  followed  sequentially  by  operating 
personnel. 

In  the  third-level  document  (Table  22),  each  signifi¬ 
cant  event,  all  commands  to  be  sent  and  their  order  of 
execution,  telemetry  data  to  be  received  at  the  DSS, 
evaluation  of  the  data  necessary  to  proceed  to  the  next 
command,  and  the  individual  responsible  for  the  evalu¬ 
ation  are  outlined  for  use  of  the  operating  personnel. 


The  procedures  shown  are  based  on  the  assumption  that 
the  lunar  phase  has  proceeded  as  planned  and  that  the 
spacecraft  configuration  has  not  changed  since  comple¬ 
tion  of  the  last  experiment.  For  example,  with  the 
acoustic  velocity  experiment,  acoustic  sensor  No.  1  will 
have  been  deployed  with  the  instrumentation  used  during 
the  density  experiment,  and  consequently  separate  com¬ 
mands  for  its  deployment  are  not  shown.  However,  in 
the  case  of  nonstandard  sequences,  a  separate  set  of 
documents  will  be  prepared  showing  the  required  con¬ 
figuration  of  the  spacecraft  for  conducting  each  given 
experiment.  These  documents  will  be  used  if  the  LOD 
should  decide  to  change  the  order  of  conducting  the 
experiments. 

Since  these  three  documents  will  aU  be  correlated 
with  a  common  referencing  system,  the  LOD  can  closely 
control  and  monitor  the  progress  of  the  mission.  It  is 
planned  to  duplicate  this  type  of  presentation  for  those 
nonstandard  sequences  that  can  be  anticipated. 


M.  Scientific  Experiments 

?.  Lunar  Patrographk  /MIcrotcep* 

The  breadboard  model  of  the  lunar  petrographic 
microscope,  exclusive  of  the  vidicon  subsystem,  is  being 
constructed  by  Armour  Research  Foundation,  Chicago, 


Table  21.  Second  level  sequence  of  events  (DSS) 


Hmm  N«. 

TIum  •!  •vMl* 
nanCTS  AftMl 

IvMII 

«.1 

T  1 1Sm 

Sompl*  KtontHic  Icmparalwm. 

7.1 

T  +  117m 

Conducf  TV  wrvcy  of  vmplawiiwflt  wm  for  Hirfoc*  d«mHy  mparlmwil. 

MM 

T-1-  134m 

implac*  wrtac*  rfaniily  InilrwiMnt. 

T-1-  13Sm 

Conduct  wcond  TV  wnroy  of  omplacomoni  ono. 

mm 

T  133m 

CofHlvct  Mirfoce  density  boekgrevnd  count. 

T  +  137m 

■ogin  lorfaco  donilty  Mporlmont. 

msM 

T  +  144m 

Serfoce  density  eiperlment  completed. 

S.1 

T  +  147m 

Complete  first  TV  survey  (more  detoll  will  be  supplied  when  ovolloble). 

9.1 

T  147m 

login  rodiadon  doloctor  oxporimoni  with  boom  oxtondod. 

10.1 

T  14Sm 

login  ocou>tlc  voloclty  onporimont.  Position  ocoustk  volocity  lonton  and  ocowstlc  soorto. 

10.2 

T  +  173m 

Actlvoto  ocowiHc  signal  procosslng  and  conduct  oxporlmont. 

10.3 

T  +  177m 

Acoustic  velocity  oEperlment  completed. 

*1:  IwRor  tevchfiown 
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TqU*  22.  Third  lav*!  datatl  tHOcadur*  —  ocauttlc  valacity  (CDC) 


llwii  N*. 

TillW  sf  •VMt* 
tnii4>r4  Actiial 

IvMrt 

ComiMita^ 

Incoiiiiiif 

to  bo  ovolnMad 

Rogoiroa  oclloii 

Roopontlblo 

individual 

10.1.1 

T  IMm 

Prapars  for  oceuiHc 
valedty  nparlnwnt. 

InMrt  patch  panel 

No.  17. 

CDC  rock  technician. 

Iniort  tolomotry  ditploy 
ovorloy  No.  17. 

Tolomotry  monitor. 

Dotormlno  that  ocauttlc 
tontar  No.  1  hat  boon 
dliployod. 

Tolomotry  monitor. 

10.1.2 

Oliplay  ocauttlc  lontor 
No.  3. 

Ufilolcli  petlHoMr. 

AcouiHc  Minor 

No.  3  potlMonod. 

Vorlfy  that  ocauttlc 
Mniar  No.  2  It 
poiHlonod. 

Tolomotry  moniter. 

10.1.3 

Diiploy  GMyftic  tourc«. 

UnlotcH  acetfdlc 

MWfC*. 

Acoutfic  lourco 
poiltlonod. 

VorKy  that  ocoutHc 
Murco  hot  boon 
poiltlonad. 

Telemetry  monitor. 

10.3.1 

T+  173 

Activof*  •coutfic  it^nol 
proMtting 

•EfMriRMflti 

Surfoe*  OMWttic  ilgiial 
PcgmmIro  oil. 

10.3.3 

Migthpowtr 
mittaf  Gfi. 

High  powtr  froRt* 
mittor  on. 

Vortficotion. 

Toiomotry  monitor. 

10.3.3 

T  +  175111 

ocoifiHc  lowrc* 

N«.  1. 

Acauttk  rioM 
roforoMO  tlaiiol 
No.  1. 

No  action  roquirod. 

Acouillc  goopheiM 
No.  1  output. 

AcoutHc  gooplioiio 
No.  3  output. 

10.2.4 

T  +  174i« 

Svrf«c«  GCOtfifk  •tgRol 
prGCGttifig  gH. 

10.2J 

High-powtf  front* 
mittor  off. 

HIgli-powor  tron»> 
mittor  off. 

10.3.1 

Acotttfk  velocity  •xp«rl- 
fMRt  compM^d. 

Vorlfkotion. 

Tolomotry  moniter. 

*Ti  lufiGr 

^Odal  Riimhtc  iMoclifd  witti  ••ch  wwwwwd  will  b«  whu  tfllGhU. 

Illinois.  It  will  be  completed  and  delivered  the  first  week 
in  January  1962.  The  slow-scan  vidicon  subsystem  is 
being  constructed  by  General  Electrodynamics  Corpo¬ 
ration,  Garland,  Texas,  and  will  be  delivered  in  mid- 
January. 

Twenty-four  different  plastic  tapes  have  been  tested  by 
Armour  for  stability  in  vacuum.  Further  tests  on  stability 
of  thermal,  optical,  and  strength  properties  are  being 
concluded  as  of  this  writing. 

The  vidicon  subsystem  to  be  used  in  testing  the  micro¬ 
scope  breadboard  will  provide  dc  to  220-kc  response  and 
slow-scan  monitoring.  The  line  frequency  is  variable  from 
10  to  1000  cps;  the  frame  frequency  is  independ<'ntly 


variable  from  0.02  to  2  cps.  Resolution  is  600  lines  per  in. 
and  there  are  8  grey  scales.  Sensitivity  is  0.5-ft-candle 
faceplate  illumination.  The  vidicon  may  be  operated 
remotely  from  the  central  power  supply  by  means  of  a 
.3-  to  .5-ft  cable,  and  may  thus  be  used  on  standard  labora¬ 
tory  microscopes  and  other  images  as  well  as  on  the  lunar 
breadboard  model. 

Sample  preparations  of  several  rock  and  mineral  types 
have  been  made  for  testing  the  resolution  and  over-all 
optical  performance  of  the  breadboard  against  a  standard 
laboratory  microscope,  with  and  without  vidicon  trans¬ 
mission.  Figtire  186  is  a  photomicrograph  of  crushed 
flunite  partich’s  in  the  75  to  250  m  size  range  taken  in 
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plaiu‘-pi)lariz('(l  wliitc  Sinnificaiit  chararl eristics 

of  this  sample  are  tlie:  (1)  hinli  relief  of  olivine 
against  the  mountinj'  meiliiim  (»i  l.Sl),  (2)  absenee 
of  cleavages,  (3)  roek  ^rain  size  coarser  than  grain  size- 
of  eriislu'd  sample,  and  (-1)  lu-arly  monomineralie  roek. 
All  fc'atiirc's  neeessarv  to  idc'iitifv  the  original  roek  type- 
can  hc'  di.sec'rnc'cl  at  this  magnification. 

Figure  187  is  a  cnishc'd  bronzitc"  pyroxenitc-  viewc-d 
iinclcT  thc‘  same'  conditions  as  the  diinitc"  in  Figure  186. 
The  gocxl  elc'avagc's  distinguish  thc‘  grain  from  olivine, 
and  thc“ir  transparency  at  this  grain  size  dislingiiishc-s 
thc'in  from  hornhlc'iule. 


Figure  186.  Crushed  dunite,  plane-polarised  white  light 


Figure  187.  Crushed  pyroxenite,  plane-polarized 
white  light 


Figure  188  shows  a  tyjjieal  basaltic  volcanic  texture 
in  contrast  to  the  |}|ntonie  tc-xltires  of  Figure's  186  and 
187.  The*  phenoerysts  are  olivine  and  pyroxc-ne  (high 
relief),  and  plagioelase  (low  rc-lief).  The  finc'-grained  par- 
lieles  contain  glass  with  fine-  magnetite-  making  them 
apoear  nearly  ooa()ue.  They  c-ontain  numc-rous  i-iibnaralk-l 
plagioelase  tahic-ts  (as  in  c-neirelc-cl  grain).  The-  edges 
of  vi-sieles  may  he-  seen  in  some  particlc-s  (arrows  to 
cusps);  the-  amount  of  vesienlation  may  he  c-stimated 
from  the  number  of  cusps  prc-sc-nt  in  a  fic-ld  of  many 
grains.  The  inecpiigranular  texture-,  the  mineralogy,  the 
flow-ori(-ntc-cl  plagioelase-  erx'stals  in  the-  ground-mass, 
and  the-  e-dge-s  of  vc-sic-lc-s  all  idc-ntify  the  roek  as  a  basalt 
flow. 

Figure-  189  is  a  glassy  rhyeelitc-  tuff  showing  the  crushed 
piimiee-  fragme-nts  (large-  partielc-s),  small  particles  of 
glass  anel  phe-noerysts  (epiartz  and  sanidine  with  low 
re-lief.  l-'ignre-  IfX)  is  the-  same-  fic-ld  of  vic*w  in  eross- 
polari/e-el  light;  all  partiele-s  e-\ec-))t  the-  fc-w  hirc-fringent 
plie-noer\ sis  are-  glass  anel  arc-  isotropic. 


2.  Sigma  Plasma  Defector 

The-  Siirtfi/or  pkisma  de-te-eteer,  ne)w  unclc-r  dc-velopment 
.etJPI..  will  e-\;uuine-  the-  se)l;ir  wind  iincl  McH)n  intc-raction 
and  is  ;i  si-eeend  ge-ne-ration  ve-rsieen  of  the  solar  pla.sma 
cle-le-ete)r  lleewn  een  /fe/uge  r.v  /  and  II  It  will  1h>  used  to 
mc-asure-  the-  eharge-cl  particle-  c-nc-rgy  spe-ctra  as  a  func¬ 
tion  of  .irrival  dire-etie>n.  The-  principal  purpo.sc-s  of  these 
uu-asiireme-nls  are-  lee  de-tc-rminc-  the  leew  c-nc-rg>'  particle 


Figure  188.  Crushed  basalt,  plane-polarized 
while  light 
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onvironnu'iit  of  tlu'  Moon  and  to  aid  in  the  inl«Tpn'tation 
of  thi‘  inannetoinctor  data.  Tlir  charj'od  partioU'  inoasiiri'- 
inont.s  mdd  In*  rolatod  to  tlic  inann(‘tonn‘l«‘r  inoasiirt*- 
ini'nts  as  follows; 

(1)  From  the  mcasiirod  inaj'nctic  field  magnitude  and 
direction,  a  1"'  iteration  Held  model  is  coiistrncled. 
The  1"'  iteration  field  iniKlit  he  a  inaKnelie  dijrole 
located  at  the  center  of  the  Moon  with  tin-  ne»-es- 
sary  stren^tth  and  orientation  to  prodiu'»‘  tin- 
observed  field  at  the  spacecraft.  Th«‘  e.vpc'cted 
inodnlation  of  the  motion  of  interplanetary  parti¬ 
cles  in  crossinK  this  model  field  is  then  calculated. 


Figure  189.  Crushed  rhyolite  tuff,  plane-polarized 
white  light 


Figure  190.  Crushed  rhyolite  tuff, 
cross-polarized  light 


(2)  A  comparison  of  the  calcidated  and  the  measured 
distrihntions  of  particles  as  a  function  of  an^le 
of  arrival  and  cmerny  is  made.  The  general  features 
of  any  disagreement  are  then  .studied  (pialitatively 
to  aid  in  the  f'eneration  of  a  2'"'  it(‘ration  model 
which  mif'lit  he  .something  like  a  distorted  dipole 
field  which  is  ^'reatly  compres.sed  on  the  Sun  side; 
hy  a  solar  wind.  This  process  is  repeated  until 
1  or  more  models  are  found  for  which  the  calcu¬ 
lated  and  m(‘asured  particle  distributions  are  in 
reasonable  af^reenient. 

Direction  of  travel  will  he  determined  by  5  electro¬ 
static  analyzers  (Fin  191).  each  with  an  acceptance  annle 
of  about  IS  den  about  the  normal  direction.  The  analyzers 

a. 


*-  ' 


b. 


Figure  191 .  Surveyor  sigma  plasma  detector  (a)  with 
and  (b)  without  thermal  shield 
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are  situated  so  that  1  detector  analyzes  particles  incident 
from  the  local  vertical,  while  the  other  4  point  at  45  deg 
to  the  vertical  at  90-deg  intervals.  The  package  is  to 
be  extended  from  the  spacecraft  on  a  12-ft  telescopic 
boom  and  gimbaled  on  2  axes  to  seek  the  local  vertical 
for  proper  orientation  of  the  analyzers. 

Charged  particles  entering  an  electrostatic  analyzer 
are  deflected  by  an  electric  Held  which  is  approximately 
transverse  to  the  particle  velocity.  Those  particles  with 
a  particular  charge  sign,  a  certain  range  of  energy  per 
unit  charge,  and  a  certain  angle  of  incidence  are  deflected 
onto  the  charge  collector  cup.  Particles  which  enter  the 
deflection  plates  with  the  wrong  charge  sign,  energy 
per  unit  charge,  or  angle  of  incidence  strike  the  deflection 
plates  and  are  not  recorded.  The  energy  distributions  of 
both  positively  and  negatively  charged  particles  entering 
the  instrument  can  be  determined  by  varying  the  sign 
and  magnitude  of  the  deflection  voltage.  The  instrument 
is  capable  of  analyzing  positive  ions  or  electrons  with 
energies  between  2  ev  and  6  kev. 

The  5  deflection  plate  systems  are  grouped  around 
1  box  and,  by  means  of  special  high  resistance  switches 
(open  circuit  resistance  >10"  ohms),  time  share  a  single 
electrometer  amplifler  and  high-voltagu  sweep  amplifler 
(Fig  192).  This  arrangement  results  in  a  significant  sav¬ 
ing  in  weight  and  power  over  a  system  in  which  each  set 
of  deflection  plates  has  its  own  separate  electronics.  The 
Surveyor  detector,  with  5  analyzers,  weighs  12  lb  and 
uses  1  w,  whereas  the  6  analyzers  on  Rangers  f  and  U 
weighed  33  lb  and  used  2.75  w. 

a.  Electrometer  amplifier.  The  electrometer  amplifier 
for  the  Surveyor  detector  is  an  improved  version  of  the 
Ranger  I  and  II  models.  A  development  contract  was  let 
to  the  Applied  Physics  Corporation  in  April  1961  to  devise 
a  piezoelectric  pickoff  on  the  vibrating  reed  dynamic 
capacitor,  in  order  to  control  a  reed  resonance  tracking 
oscillator  on  the  Surveyor  detector.  This  effort  has  been 
successful  and  the  1"  version  of  this  development  will 
be  implemented  in  the  Mariner  R  plasma  probe.  Sub¬ 
sequent  work  on  improved  sealing  methods  of  the  reed 
capacitor  container  has  led  to  a  marked  reduction  in 
contact  potential,  and  a  temperature  coefficient  of  con¬ 
tact  potential  of  less  than  70  /iv/°C.  Use  of  this  improved 
modulator  has  resulted  in  an  electrometer  with  increased 
sensitivity  and  a  greater  dynamic  range  over  the  tem¬ 
perature  span  anticipated  in  the  lunar  environment 
(-50  to  +  100°C).  Several  prototype  reed  modulators 
have  been  thoroughly  evaluated  over  this  range  and 
have  successfully  passed  the  sterilization  procedure. 

Perhaps  the  most  significant  improvement  in  the 
Surveyor  probe  is  the  incorporation  of  an  automatic 


scale  factor  device  (Fig  193).  The  feedback  element  of 
the  Ranger  electrometer  is  the  bipolar  logarithmic  com¬ 
pressor  which  has  the  approximate  transfer  function: 

^OUt  I^  log  / 

This  device,  however,  requires  a  well  insulated  battery 
to  measure  electron  current  (SPS  37-11);  the  stability 
of  the  electrometer  can  be  no  better  than  the  long  term 
stability  of  the  thermionic  compressor  diodes.  In  order 
to  more  thoroughly  exploit  the  advantages  presented  by 
the  electrometer  amplifier,  an  automatic  gain  system  was 
devised  which  uses  resistors  as  feedback  elements  and 
results  in  the  transfer  function: 

^oul  ~  ~linllf 

Since  the  electrometer  has  a  useful  dynamic  range  of 
it  10  mv  to  ±10  V,  circuits  were  designed  to  auto¬ 
matically  change  the  feedback  resistors  as  a  function  of 
the  output  voltage.  The  feedback  resistors  selected  for 
the  Surveyor  instrument  enable  the  amplifier  to  measure 
currents  from  ±10  ’  to  ±10'"  amp  in  3  ranges 
with  a  decade  overlap  on  each  range.  For  the  plate 
geometry  selected  this  corresponds,  respectively,  to  parti¬ 
cle  fluxes  between  4  X  10"  and  4  X  10*  particles  cm'® 
sec  *  for  each  energy  level.  The  device  consists  of  a 
chopper  input  stage  (in  order  to  sample  both  positive 
and  negative  voltages)  followed  by  suitably  scaled  ampli¬ 
fiers.  After  restoration  and  integration  the  resultant 
square  wave,  amplitude  discriminators  examine  the  inte¬ 
grator  outputs  to  determine  whether  the  electrometer  is 
within  the  range  of  ±50  mv  to  ±10  v.  The  discriminator 
outputs  drive  a  reversible  counter  up  or  down,  depend¬ 
ing  upon  the  appropriate  limit  crossing,  and  logic  switch¬ 
ing  on  the  counter  inserts  the  proper  feedback  resistor. 
An  analog  voltage  proportional  to  the  feedback  resistor 
is  resistively  summed  with  a  voltage  proportional  to  the 
collector  cup  number,  and  this  signal  is  fed  to  the  data 
system  for  identification.  The  overlap  between  ranges 
was  provided  to  prevent  oscillation  between  resistors 
and  to  take  advantage  of  the  fast  response  of  the  elec¬ 
trometer  with  the  smaller  resistorr  in  place.  By  increas¬ 
ing  the  sampling  rate  at  the  amplifier  output  to  10/sec, 
for  example,  rapid  cyclic  variations  or  waves  may  be 
observed  in  the  plasma. 

Evaluation  is  being  made  of  a  new  low  noise  silicon 
input  stage  for  the  electrometer  to  replace  the  presently 
used  germanium  transistor.  This  will  enable  the  electrom¬ 
eter  to  more  reliably  withstand  the  lunar  temperature 
environment.  It  is  also  planned  to  evaluate  field-effect 
transistors  in  this  application.  These  units,  by  virtue  of 
their  high  power  gain,  may  well  result  in  a  significant 
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reduction  in  circuit  components  as  well  as  improved 
performance. 

b.DtfUetlon  voltage  eyetem.  The  deflection  voltages 
for  the  analyzer  plates  are  generated  by  2  fully  transistor¬ 


ized  assemblies:  the  programmer  and  high  voltage  sweep 
amplifler  (Fig  192).  The  programmer  consists  of  a  4  by  13 
diode  matrix,  driven  by  a  4-stage  binary  scaler,  which 
consecutively  gates  a  reference  input  voltage  to  1  of  the 
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Rgur*  193.  Aul*maHc  teal*  factor  davic* 


12  input  resistors  of  the  high  voltage  sweep  amplifier. 
The  rate  at  which  the  programmer  steps  is  governed  by 
the  rate  of  the  input  timing  pulse  from  the  system. 
Upon  receipt  of  the  13"'  pulse,  logic  steering  resets  the 
programmer  to  the  first  step,  opens  all  collector  cups, 
and  injects  a  standard  current  into  the  electrometer. 
This  self-generated  reset  pulse  is  also  used  to  drive  a 
3-stage  scaler  and  a  3  by  6  matrix  that  controls  the  col¬ 
lector  cup  selection  switches.  The  programmer  thus 
sequences  the  sweep  amplifier  through  12  energy  levels, 
resets  itself,  and  injects  a  standard  current  on  the  13"' 
step.  It  also  steps  to  the  next  collector  cup  in  the  sequence 
on  that  step. 

In  addition,  there  are  3  values  of  standard  current 
which  are  sampled  alternately  so  that  3  complete  cycles 
of  the  programmer  and  the  3  scale  factor  ranges  of  the 
electrometer  amplifier  are  tested.  This  corroborative  test 
procedure  seems  wise  in  light  of  the  fact  that: 

(1)  The  lunar  surface  temperature  environment  is  ex¬ 
tremely  severe  by  present  flight  hardware  standards 
and  is  not  fully  understood. 

(2)  Methods  of  simulating  these  temperature  and 
vacuum  extremes  are  not  fully  adequate. 

(3)  The  system  must  he  designed  to  operate  intermit¬ 
tently  for  a  long  period  (30  days  or  more)- 


(4)  Since  the  logic  circuitry  already  exists,  only  a  few 
components  need  be  added  for  the  task. 

The  instrument  may  operate  in  1  of  2  modes  upon 
ground  command.  When  the  largest  resistor  (10’’  ohms) 
is  in  the  feedback  loop,  the  electrometer  must  settle  out 
for  a  few  seconds  before  a  useful  reading  is  obtained. 
The  programmer  is,  therefore,  sequenced  only  once 
every  10  sec.  If  the  particle  fluxes  incident  on  1  of  the 
analyzers  are  large  enough  to  sequence  the  electrometer 
to  the  10”  or  10’°  ohm  resistors,  the  timing  pulse  rate 
may  be  increased  to  1  'sec  by  ground  command  to  take 
advantage  of  the  rapid  amplifier  settling  time. 

The  high  voltage  sweep  amplifier  is  being  redesigned 
as  a  carrier  type  dc  operational  amplifier  in  contrast  to 
the  direct  coupled  approach  taken  on  the  Ranger  experi¬ 
ment.  Chopper  transistors  have  been  made  available 
recently  which  can  ensure  the  null  stability  necessary 
in  this  application. 

c.  Temperature  evahiation.  A  temperature  control 
model  of  the  instrument  has  been  constructed.  It  con¬ 
sists  of  the  outer  chassis  with  the  5  electrostatic  analyzers 
in  place  and  a  covering  of  insulation  material  surrounding 
the  whole  package.  The  heat  of  the  electronics  is  simu¬ 
lated  by  resistors,  and  thermocouples  are  connected  at 
various  points  around  the  box. 


Reference 

1 .  Graff,  W.  J.,  "Thermal  Conductance  Acroii  Metal  Joints,"  Machine  Design,  Septem¬ 
ber,  1960. 
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PART  THREE 

PLANETARY-INTERPLANETARY  PROGRAM 


I.  Program  Status 

A.  Objectives 


The  primary  long  range  objective  of  the  NASA 
Planetary-Interplanetary  Program  is  the  development  of 
automatic,  unmanned,  interplanetary  spacecraft  technol¬ 
ogy  and  the  use  of  this  technology  in  the  form  of  space 
probes  to  gather  fundamental  scientific  knowledge  con¬ 
cerning  the  planetary  and  interplanetary  environments, 
the  planets  themselves,  and  solar  phenomena,  both  out 
of  and  within  the  plane  of  the  ecliptic. 

The  secondary'  long  range  objective  of  the  program 
is  the  development  of  technology  and  the  collection  of 
scientific  data  which  will  contribute  to  the  successful 
manned  exploration  of  the  planets  and  interplanetars' 
space. 

The  primary  objective  of  tbe  program  by  1970  is  to 
have  rather  completely  demonstrated  and,  to  some  rea¬ 
sonable  extent,  exploited  (in  terms  of  acquired  scientific- 
data)  spacecraft  capable  of  (I)  being  put  into  orbit 
around  and  (2)  landing  on  the  surface  of  Mars  and  Venus. 

A  secondary  objective  during  this  pc-riod  will  be  the 
initial  effort  toward  extending  the  above  capability 
toward  the  planets  Mercury  and  Jupiter  and  space*  shots 
out  of  the  plane  of  the  ecliptic  and  in  toward  the  Sun. 

The  immediate  objective  of  the  program  is  the  initial 
probing  of  Mars  and  Venus. 


B.  Missions 

The  Planetary-Interplanetary  Program  at  present  con¬ 
sists  of  3  projects:  (1)  Mariner  R  using  the  AtUu-Agena  B 
vehicle,  (2)  Mariner  B  using  the  Atlas-Centaur  vehicle, 
and  (3)  the  Voyager,  using  the  Saturn  vehicle.  The  mis¬ 
sions  planned  for  these  projects  are  defined  below  and 
are  obviously  subject  to  change  because  of  sucb  influ¬ 
ence’s  as  new  scientific  discoveries  or  unexpected  devel¬ 
opments  in  vehicle  availabilities. 


1 .  Mariner  R  Project 

The  intent  of  the  Mariner  R  project  is  to  perform  flyby 
missions  to  Venus  in  1962  using  tbe  Atlas-Agena  B 
vehicle.  These  missions  are  a  replacement  for  the  Mari¬ 
ner  A  project  which  was  cancelled  during  September 
1961  due  to  unavailability  of  Centaur  launch  vehicle. 

The  primary  objective  of  the  Mariner  R  project  is  to 
develop  and  launch  2  spac-ecraft  to  the  near  vicinity 
of  the  planet  Wniis  in  1962,  to  receive  communications 
from  the  spacecraft  while  in  the  vicinity  of  Venus,  and 
to  jx'rfonn  a  radiometric  temperature  measurement  of 
the  planet.  A  secondary  objective  is  to  make  interplan¬ 
etary  field  and/or  partial  measurements  on  the  way  to 
Venus  and  in  the  vicinity  of  N’emis. 
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2.  Mcwincr  B 

The  primary  purpose  of  the  Mariner  B  project  is  to 
permit  scientific  investigations  of  the  planets  Venus  and 
Mars  during  their  periods  of  availability  in  1964  through 
1967.  Secondary  purposes  in  order  of  priority  are  (1)  to 
make  interplanetary  scientific  investigations  in  the  regions 
between  Earth  and  Mars,  (2)  to  develop  experience  in 
the  design  of  a  spacecraft  that  has  considerable  fiexibility 
with  regard  to  the  specific  missions ’t  is  basically  capable 
of  covering,  (3)  to  provide  experience  and  knowledge 
which  will  permit  a  quality  and  efficient  design  of  the 
later  Vopager  spacecraft.  To  these  ends,  the  spacecraft 
will  be  designed  for  a  precision  flyby  mission  and  will 
incorporate  the  capability  of  either  carrying  or  not  car¬ 
rying  a  small  landing  capsule.  The  Mariner  spacecraft 
will  be  injected  by  the  Centaur  launch  vehicle  and  it  is 
expected  to  launch  2  identical  probes  during  each  of 
the  planet  launching  opportunities.  Deep  space  probes, 
to  be  launched  in  between  periods  of  Mars  and  Venus 
availability,  are  included  in  the  Mariner  B  project. 

3.  Voyager  Project 

Voyager  missions  are  envisioned  to  evolve  to  sophisti¬ 
cated  orbiters  and  landing  experiments  beginning  in  1966 
or  1967  using  Saturn  vehicles.  Planetary  orbiters  are  a 
necessary  part  of  the  evolution  and  are  a  logical  step  in 
the  development  of  spacecraft  technology.  Orbiters  are 
probably  required  to  permit  suflScicnt  observation  of  the 
planet  to  know  how  to  proceed  with  the  landing  missions. 
Furthermore,  orbiters  may  well  constitute  an  important 
step  in  the  actual  landing  experiments.  The  emphasis 
on  planetary  orbiters,  thereiore,  will  be  to  contribute  to 
the  successful  accomplishment  of  the  landing  objective. 


C.  Program  Activities 

1 .  Marinar  B 

The  design  interfaces  for  Mariner  R  spacecraft  were 
frozen  in  mid-October;  since  that  time  work  has  pro¬ 


gressed  in  the  finalization  of  design  of  all  hardware  with 
the  final  detail  design  freeze  set  for  early  January  1962. 

This  has  been  an  active  period  with  procurement  of 
new  Mariner  R  peculiar  equipment  and  the  modification 
of  existing  Ranger  and  Mariner  A  equipment.  It  also 
marked  the  beginning  of  flight  acceptance  testing  of 
individual  systems  and  subsystems,  with  the  peak  load 
of  this  testing  occurring  in  late  December  1961  and  run¬ 
ning  through  January  1962.  Assembly  of  the  spacecraft 
is  scheduled  to  begin  in  e;  rly  January  with  the  first 
assembled  spacecraft  subsystem  and  system  type  tests 
to  begin  late  in  January. 

The  final  version  of  the  Project  Development  Plan 
has  been  prepared  and  is  at  Marshall  Space  Flight  Center 
(MSFC)  for  review  and  approval.  It  is  planned  to  sub¬ 
mit  the  approved  and  signed  copy  to  NASA  Headquarters 
early  in  January. 

2.  Morinor  B 

Mission  objectives  and  design  criteria  were  generated 
and  have  been  used  for  the  preliminary  design  effort. 
This  effort  was  initiated  in  October  1961,  is  proceeding 
on  schedule,  and  will  be  completed  on  April  1,  1962.  A 
Preliminary  Project  Development  Plan  has  been  pre¬ 
pared.  One  rough  draft  copy  of  this  plan  has  been 
transmitted  to  NASA  Headquarters.  A  final  draft  of  this 
Preliminary  Project  Development  Plan  is  being  prepared 
and  will  be  transmitted  to  MSFC  and  NASA  Headquar¬ 
ters  for  review  during  January  1962. 

3.  Voyogor 

In  addition  to  the  technical  preparation  underway 
within  the  technical  divisions,  effort  is  being  applied  in 
the  Planetary  Program  Office  in  the  preparation  of  a  set 
of  mission  objectives  for  the  Voyager  project.  These 
objectives  are  intended  to  serve  as  a  guide  for  a  Voyager 
study  committee  to  be  formed  early  in  1962  for  the  pur¬ 
pose  of  generating  design  criteria  for  use  in  the  prelimi¬ 
nary  design  phase.  The  primary  current  problem  is  the 
determination  of  which  launch  vehicle  will  be  assigned 
t  the  Voyager.  Detailed  project  planning  cannot  proceed 
until  this  decision  is  made  and  announced. 
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II.  Mariner  R 


A.  Systems 

I.  Launth  ConsMtrottonf 

The  Mariner  R  launch  vehicle  will  be  the  Atlas-Agena 
B  which  will  provide  a  spacecraft  weight  of  approxi¬ 
mately  446  lb  for  at  least  a  47-day  launch  window.  Since 
a  delay  in  launch  time,  if  not  compensated, causes  an 
error  at  Venus  encounter,  it  is  necessary  to  alter  both 
the  launch  azimuth  and  parking  orbit  coast  time  between 
Agena  burning  periods. 


Figure  1  shows  typical  Agcna  2”*  bum  period  as  a 
function  of  firing  azimuth  from  90  deg  east  of  true  north 
to  114  deg  east  of  true  north.  The  large  hatched  area 
indicates  the  area  in  which  the  2"''  bum  could  occur, 
dependent  upon  the  trajectory.  The  top  boundary  line 
represents  the  earliest  start  of  2""  burn;  the  lower  bound¬ 
ary  line  represents  the  latest  end  of  2"'*  burn;  and  the 
side  boundaries  are  formed  by  the  launch  azimuths  114 
and  90  deg.  The  launch  azimuth  will  vary  (between 
90  and  114  deg)  with  the  time  of  launch  within  the  2  hr 
and  40  min  firing  window. 


U.se  of  a  parking  orbit  can  allow  injection  to  wcur  at 
any  point  over  the  Earth  s  surfact'.  Figures  2  and  -i  show 
the  maximum  injection  locus  for  July  17  and  September 
15,  1962,  respectively.  The  restrictions  of  azimuths  to 


those  indicated  take  into  account  postinjection  tracking 
considerations  and  yield  an  approximate  2  hr  40  min 
firing  window  for  all  Mariner  R  launch  days.  Time  errors 
at  encounter  can  be  minimized  by  the  mid-course 
maneuver. 

2.  Orbit  Choroctvrfstfcs 

a.  Geocentric  phase.  Launch  azimuth,  geocentric  injec¬ 
tion  latitude,  and  longitude  vary  with  launch  time  and 


Figure  1 .  Typical  Agena  2nd  burn  period  at  firing 
azimuth  from  east  of  true  north  to  1 1 4  deg 
eott  of  true  north 
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launch  date.  The  time  from  launch  to  Coldstone  radio  injection.  As  the  launch  date  varies,  the  required  geocen- 
horizon  depends  primarily  on  longitude  of  geocentric  trie  energy  (Cn)  changes.  This  is  clearly  seen  in  Table  1 
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where  Ch  decreases  inonotonically  with  launch  date  until 
August  23,  and  afterward  increases  munotonically  until 
the  final  date  of  launch.  The  greater  the  energy,  the 
greater  the  speed  of  injection.  Table  1  also  gives  esti¬ 
mated  injection  locations  for  all  days  in  the  launch  win¬ 
dow  for  azimuths  of  90,  96,  102,  108,  and  114  deg. 

b.  Heliocentric  phaee.  The  probe  moves  in  a  nearly 
elliptical  orbit  primarily  under  the  influence  of  the  Sun 
(with  the  Sun  at  1  of  its  foci).  The  true  anomaly  of 
helioc'entric  injection  increases  as  launch  date  is  delayed. 
Figure  4  is  a  plot  of  Earth-probe-Sun  angle  versus  days 
from  launch.  In  this  figure,  4  specific  launch  days  are 
referred  to  us  Trajectories  1,  2,  3,  and  4.  Separate  arrival 
dates,  2  days  apart,  have  bi‘en  selected  for  the  Mariner  R 
P37  and  P38  trajectories  varying  from  Dec'ember  6 
through  16, 1962.  Figure  5  shows  corresponding  dates  for 


Figure  4.  Plot  of  lartk-probo-Sun  angle  versus 
days  from  launch 

LAUNCH  DATE,  1962 


the  67-day  firing  period.  Note,  for  example,  that  for 
Trajectory  4  the  maximum  Earth-probe-Sun  angle  occurs 
at  approximately  42¥j  days  from  launch  and  is  then  about 
168  deg.  The  other  trajectories  have  approximately  the 
same  Earth-probe-Sun  angles  for  maxima.  The  reason 
that  the  maximum  angle  is  not  180  deg  is  that  the  inclina¬ 
tion  of  the  probe's  helioc'entric  orbit  to  the  ecliptic  varies 
from  1  to  2.5  deg  depending  on  launch  date.  It  is  to  be 
noted  that  the  same  curves  may  be  used  to  determine 
the  position  of  the  probe  as  the  Earth  and  Venus  orbit 
the  Sun. 

c.  Hyperbolic  trafectory.  For  Mariner  R  the  hyperbolic 
excess  velocity  of  the  probe  with  respect  to  Venus  varies 
from  5.3  to  6.0  km.  sec.  To  obtain  the  Cytherean  aiming 
point  it  is  necessary  to  make  use  of  the  expected  disper¬ 
sions  and  the  spacecraft  constraints.  Because  of  the 
radiometer  it  is  desirable  to  pass  \'enus  when  the  angular 
diameter  of  the  planet  subtends  angles  of  10  to  45  deg, 
which  implies  a  radius  vector  length  of  16,000  to  71,000 
kin  from  probe  to  N’enus,  respectively.  On  tbe  other 
hand,  bt'cause  of  tiu'  magnetometer,  it  is  desirable  to 
pass  close  to  Venus.  In  order  to  obtain  better  nominal 
aiming  points,  more  calculations  remain  to  be  done.  Fig¬ 
ure  6  illustrates  miss  distance  vectors  and  the  compo¬ 
nents  B  •  T  and  B  •  fl;  current  estimates  of  the  miss 
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Figure  6.  Mist  distance  vectors  and  components 
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Tabu  1 .  Morifior  R  lrai«ctory  characUriclics 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13. 


200 


CONFIDENTIAL 


Table  1 .  Manner  R  trajectory  characterictics  (continued) 
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coniiiont'nts  B  •  T  and  B  •  R,  hasfd  on  Trajectories  1  and  4, 
give  -  28,(KX)  kin  and  2(KX)  km,  respectively. 


B.  Engineering  Mechanics 

Tile  first  Afaritwr  R  spacecraft  structure  was  d«-livered 
to  the  spacecraft  assi'inhly  facility  little  more  than  .3 
months  after  start  of  preliminary  dc'sign.  Prototype  tests 
included  both  temperature  and  \’il)ration  tests,  as  well 
as  functional  tests. 

A  match-mat(‘  tc“st  has  been  completed  lw‘tw»-en  a 
spacecraft  mockup  and  a  prototspc'  Af'i'iut  B-spacecraft 
adapter.  Despite  the  similarits'  of  both  spac«‘i-raft  and 
adapter  to  Rimger  items,  many  incompatibilities  wen- 
found  to  exist.  The  early  completion  of  the  ti-st  allowed 
these  incompatibilities  to  be  eorrected  without  schedule 
delay.  .\  final  x'erification  of  the  mechanical  interfaci-  was 
achieved  when  the  structural  prototype  spac«-craft  was 
mated  to  a  ilight-type  adapter  in  preparation  for  th<- 
(Hiinbiiu-d  vibration  t»'st. 

Thermal  tests  on  tlu-  basic  hex  portion  of  the  spac«-- 
craft  have  be<-n  successfullx'  completed  in  a  cold  walled 
vacuum  chamber.  Klectrical  resistance  eh-meiits  wi-re 
used  to  simulate  the  heat  dissipated  in  tlu-  various  elec¬ 
tronic  assemblies  of  the  hex  and  to  heat  tin-  surface  of 
the  upper  shield.  .\  thermal  balance  was  obtained  for  a 
nnniber  oi  th<-  more  critical  flight  ukhIcs. 

The  primary  conclusion  from  these  tests  w.is  that  it  is 
reasonable  to  expect  th.it  the  tempi-rature  of  the  ass<-m- 
blies  in  the  hex  portion  of  the  spaeei  raft  can  b«-  controlled 
within  the  present  flight  ac'ceptauce  limits.  The  exchange 
of  heat  within  the  h<-x  portion  was  better  than  had  been 
anticipated  on  the  basis  of  calculations.  The  lowest  meas¬ 
ured  temperature  internal  to  the  hex  (luring  any  flight 
mode  was  42  F-’  on  the  serxo  ring,  the  highest  measured 
temperature  was  77  K  on  the  science  assembly.  (These 
limits  were  exceeded  exterior  to  the  hex  enclo.sure  with 
a  low  of  ,~)H  F  measured  in  the  areas  of  the  umbilical 
plugs  and  a  high  of  .3(K)  I-'  imposed  on  the  upper  solar 
shield.)  Primarily,  as  a  result  of  this  g(H«l  thermal  ex¬ 
change,  the  louvers  on  the  lace  of  the  science  as.sembly 
were  removed  and  a  lighter  weight  thermal  shield  was 
substituted.  Large  thermal  gradients  across  the  face  of 
some  of  the  hex  boxes  due  to  an  niieven  distribution  of 
power  (as  was  ex|)erieuced  in  previous  tests  performed 
with  the  individual  boxes)  were  not  found.  The  largc-.st 
temperature  difference  in  any  I  box  was  0  F.  It  is  prob¬ 
able  that  the  reason  lor  this  small  difference  is  that  the 


ratio  of  the  amount  of  heat  transmitted  internally  within 
the  hex  to  that  transmitted  externally  to  space  is  large. 

Several  predictions  concerning  the  heat  balance  of  the 
hex  portion  were  partially  confirmed.  The  average  tem¬ 
perature  of  the  hex  is  relatively  independent  of  the  .solar 
heat  of  the  upper  thermal  shield.  With  an  upper  shield 
surface  temperature  of  70  F  (representing  that  at  Earth) 
to  that  of  .3(X)"F  (representing  a  case  near  N’enus),  the 
average  temperature  of  the  basic  portion  of  the  Mariner  R 
experienced  a  ri.se  of  only  10  F.  This  was  also  the  first 
series  of  tests  employing  a  heat  shield  instead  of  polished 
or  plated  surfaces  on  the  hex  as.semblies.  Indications  are 
that  it  is  a  good  method  of  obtaining  a  low  effectivc- 
emi.ssivity 

In  general,  tbe  series  of  tests  was  felt  to  be  valuable, 
verifying  the  design  approach  chosen  and  prox  iding  g(KKl 
preparation  for  more  extensixe  tests.  Future  tests  xvill 
inx'olx’e  increasingly  complex  prototypes  and  finally  tl 
flight  units  themselves. 

\'arious  xibration  tests  and  modal  xurx-eys  have  been 
pi-rforined  on  portions  of  the  striictiirt-  and  component 
parts.  Prototype  tests  hax'e  xcrified  the  adequacy  of  the 
suiH-rstructiire  and  the  radiometer  stnicture  and  their 
method  of  attachme-nt.  Type*  approval  tests  have  xcrified 
the  adecpiacx  of  the  solar  panel  structure  and  high  gain 
antenna  xvlu*n  subjected  to  a  greater  than  ex|>»“cted  vibra¬ 
tion  enx  ironment.  A  nuKlal  surxey  of  the  entire  spacecraft 
mounted  on  a  rigid  base  has  verified  that  frequencies 
and  miHle  shapes  of  the  structure  as  a  xvhole  and  com¬ 
ponent  jxarts  are  acceptable.  Tbe  resonant  freipiencies 
of  the  structure  as  a  xvhole  ai'd  of  component  parts  are 
significantly  separated,  resulting  in  a  minimum  of  dynamic 
coupling.  The  entire  strneture  looks  .ide(piate,  the  loxxest 
resonant  fre(|nencx  being  aboxc  the  (h'sign  goal  of  .30  cps. 

Nhalal  tests  are  noxx-  underxvay  on  tbe  comple’e  struc¬ 
ture  mounted  on  tbe  .Agcm/  adapter.  .\  composite 
xibration  test  of  the  prototype  spacecraft  and  adapter  is 
planned,  as  xvell  as  a  test  of  file  spacecraft  on  the  adapter 
xvith  the  shroud  installed. 


C.  Propulsion 

’Die  function  of  tbe  Mariner  R  mid-cours(>  propulsion 
system  is  to  remove  or  reduce  .Agenu  B  inji'ction  disper- 
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sion  errors  so  that  a  Venus  flyby  witli  a  suffiei«‘ntly  small 
miss  distance  can  be  reasonably  assured.  This  function 
is  pt'rformed  during  the  single  spacecraft  mid-course 
maneuver  (executed  approximately  8  day.;  after  launch) 
at  which  time  the  spacecraft  is  direct»‘d  to  turn  to  a 
prescribed  position  in  spac«'  and  impart  a  corr<‘ctive 
impulse  via  the  mid-course  propulsion  system. 

I .  Sysfem  Description 

The  Mariiwr  R  mid-course  propulsion  syshan  is  essen¬ 
tially  the  same  .50-lh-thrust  monopropellant  liydni/ine 
propulsion  system  des’clopc'd  for  the  Rwiiger  R.^-.f,  -1. 
and  -5  spacecraft;  primary  \  ariations  to  tht'  Rwtiger  system 
consist  of  the  (1)  utilization  of  nitrog(‘n  instt'ad  of  helium 
as  the  pressurizing  medium  to  accomiiKKlate  better  the 
S-day  launch-to-mid-cour.se  maiu'uver  storage  require¬ 
ment,  (2)  painting  and  surface  finish  changes  consistent 
with  Mariiwr  R  thermal  control  recpiiri'ments,  and  (3)  the 
inclusion  of  dual-bridgewire,  hermetically  sealetl  s(|uibs 
in  plac<'  of  the  single-hridgewire  /irtnger  squibs. 

schematic  of  the  propulsion  system  is  shown  in 
Figure  7.  The  system  utilizes  a  licpiid  inoiioproiH-llanl. 
anhydrous  hydraziiw,  as  tlu*  propellant.  It  is  functionally 
a  r*‘gulated-gas  pressurc-fe<l,  constant-thrust  rocket. 
Principal  system  comixim-nts  consist  of  a  high  pn-ssure 
gas  reservoir,  a  gas  pn'ssure  regulator,  a  propellant  lank, 
and  a  rocket  engine.  Tlu'  rocket  engiiu-  contains  a 
quantity  of  catalyst  to  accelerate  thi-  <l<‘comj)osition  of 
hydrazine.  The  engine  nominally  develops  a  v;ieuum 
thrust  of  ni)  lb  and  a  Nacuuin  spi-cifie  iinjrulse  of  2.'V) 
Ib-sec/lb  (without  j<‘t  vanes). 

F)xplosively  actuated  v;ilv<'S  are  used  throughout  tlu' 
system.  Normally  closi'd  explosively  actuat»'<l  valves  are 
fired  to  initiate  nitrogi-n  pressurization  of  the  propellant 
tank,  to  initiat(‘  projH'llant  flow  to  tlu-  roek<-t  engiiM’,  ami 
to  release  nitrogen  tetroxide  from  the  engine  ignition 
cartridge.  Normally  open  »-xplosively  acluat«-d  valx’es  are 
fired  to  terminate  nitrogi-n  pn-ssuri/.ation  of  the  prop<-l- 
lant  tank  and  proiM-llant  flow  to  the  nx'ket  <'ngine. 

The  design  and  op<Tational  philosophy  of  tin-  systiun 
represented  in  Figure  1  is  directed  toward  maximi/ing 
system  reliability  and  repnKluiibility.  minimizing  pre¬ 
flight  handling  and  spacecraft  interactions,  minimi/ation 
of  inflight  I'lectrical  signals,  and  minimization  of  the 
number  of  system  compommts.  In  order  to  avoid  eU'c- 
trical  or  meehaiiieal  .se(|uencing.  tlu-  jiropi'IIant  tank  is 
prejiressurized  with  nitrogiMi  during  the  preflight  opera¬ 
tion  so  that  engine  ignition  and  regidated  nitrogen  pres¬ 
surization  of  tin'  propellant  tank  i-an  occur  simultaneously 
through  1  signal  from  the  central  computer  and  si'(|nene«>r 


(CC&S).  Similarly,  only  1  signal  is  necessary  for  thrust 
termination;  therefore,  a  total  of  2  signals  are  required 
by  the  mid-course  propulsion  system  for  impulse  initiation 
and  termination. 

The  propulsion  system  can  b(^  fueled  and  pressurized 
sevt'ral  weeks  prior  to  launch  and  emplacement  within 
the  spacecraft.  The  system  in  the  pressurized  and  fueled 
condition  is  safe  for  personnel  to  work  around  over  the 
t«‘mp<‘rature  extreme  of  35  to  165"’F.  No  spacecraft 
umhilicals  or  hard  lines  are  required  to  maintain  the 
propulsion  system  in  the  rcruiy  condition. 

The  firing  of  the  mid-course  propul.sion  .system  is  con¬ 
trolled  by  the  CC&S.  For  the  mid-course  maneuver,  the 
CXl&S  receives  the  time,  direction,  and  magnitude  of  the 
mid-course  firing  through  the  ground-to-spacecraft  com¬ 
munication  link.  After  the  spacecraft  has  assumed  the 
correct  firing  attitude,  the  mid-course  propulsion  system 
is  ignited  (at  the  prescribed  time)  through  an  electrical 
signal  from  the  CO&S.  Inasmuch  as  the  propellant  tank 
is  prc-pressurized.  the  rix-ket  engine  ignition  can  (K'cur 
concomitantly  with  the  releast*  of  the  high  pressure 
nitrogen  to  the  regulator  without  allowing  time  for  the 
pro|H‘llant  tank  pressure  to  build  up  to  the  normal  oper¬ 
ating  lexcl.  Thrust  termination  is  controlled  by  the  CC&S 
xia  an  (>lectrical  signal  once  tlu*  specifi»“d  velocity  incre¬ 
ment  has  been  realized  as  computc'd  by  the  spacecraft 
integrating  acceleroim-t<‘r.  During  the  nxket  engine 
firing.  si)acecraft  attitude  is  maintaincxl  by  the  autopilot- 
controlh-d  jc't  vane  actmitors. 

Tlu*  siu'cific  secpiencc*  of  ewnls  for  the  propulsion  sys¬ 
tem  subsc*(|uent  to  spacecraft  orientation  and  up  to  thrust 
termination  is  as  follows: 

(1)  .\t  the  command  signal  from  the  CC&S  to  igniJe 
the  rcx-ket,  normally  closcxl  explosive  valves  (TT) 
(Fig  7).  {^8^  and  ( 4^  are  fin'd  allowing  regu¬ 
lated  nitrogen  pressurization  of  the  proix-llant  tank, 
propellant  flow  tt)  the  rocket  c'ligine,  and  injection 
of  a  small  (pumtitx’  of  nitrogi'n  tetroxide  to  the 
rocket  engine. 

(2)  llypergolic  ignition  ensues,  followi'd  by  cxintinuous 
catalytic  monopropellant  decomposition  of  the  an¬ 
hydrous  hydraz.iiu*. 

(.3)  .\t  the  command  signal  from  the  CC&S  to  terminate 
rockc-t  thrust,  normally  open  explosively  actuated 
valves  ( 7  ^  and  ;ire  fired,  terminating 

propelhmt  flow  to  the  nK'ket  engine  and  positively 
isolating  the  remaining  pressure  in  the  nitrogen 
sphere  from  the  propellant  tank. 
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Figure  7.  Propulsion  systom 
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2.  Development  Program 

Tlu‘  clironological  dcvt-lopmont  jiroHram  of  flu-  l.uuficr 
mid-course  propulsion  system  was  ri'ported  in  SPS  :i7-3 
throiiKh  -11. 

In  addition  to  the  aforementioned  reporh-d  work,  a 
HiKiitweiRlU  propulsion  system  with  solenoid  valves  in 
place  of  the  explosive  valves  and  nitroHen  in  lic-u  of 
helium  as  the  pressuri/iuK  medium  was  thoroughly  tested 
at  ambient  test  cell  conditions  over  the  Mtirinrr  H  dc-si^ii 
limits.  Figure  5  depicts  the  test  cell  setu)).  ■\  l-to-l  lliuht- 
weijilit  eiif'ine  in  lieu  of  a  44-to-l  flifiht  (ai^ine  was  used 
for  the  ambient  tests.  total  of  10  hot  firing's  w«‘re  con¬ 
ducted  with  jiropellant  tank  ])repressuri/.ation  levels 
ranging  from  0  to  550  psig,  oxi<li/.er  start  cartrklge  pn-s- 
sures  ranging  from  527  to  415  psig,  and  oxidi/er  (N’.O.i 
injection  (piantities  of  12  aiul  18  cc.  Succi-ssful  ignitions 
anti  steady-state  (»peration  were  realized  for  all  10  firings. 
It  is  interesting  to  note  that  succc'ssftd  engine  ignitions 
with  simultaneous  actuation  of  all  sahes  (no  setineneingi 


Figure  8.  Flighlwaight  syttem  test  cell  tetup 


can  he  accommodated  with  propellant  tank  prepressur¬ 
ization  levels  as  low  as  0  psig  and  as  high  as  5.50  psig, and 
with  injected  oxidizer  (piantities  of  12  and  18  cc.  It 
appears  that  the  hipropellant  ignition  .scheme  for  the 
Maritwr  11  and  IhiUficr  ,50-lh  thrust  engine  is  not  critically 
alfected  by  N.ll,  injection  pressure,  N^.O.,  injection  pres¬ 
sure,  and  (piantity  of  injected  N4),.  System  operation 
with  the  nitrogen  pressurizing  medium  was  wholly  satis- 
factorx’  during  the  course  of  system  testing. 

/{((Mger  propulsion  systems  ll.\-5  and  Il.\-5  spare  were 
diverted  Irom  use  on  /hmger  spacecraft  R.\-5  and  will  be 
used  in  Mariner  spacecraft.  The  units  have  undi'rgone 
modification  ciinsistent  with  Mariner  11  reepurements.  (In 
addition  to  the  alorementioned  2  systems,  a  .3"'  system 
for  the  lianf^er  ll.\-6,  -7,  -S,  and  -9  program  will  he  used 
as  a  spare  system  for  the  .Mariner  11  program.)  The  MR-l 
flight  system  buildup  h.is  been  completed  except  for  the 
installation  and  alineinent  of  the  jet  xanes.  .\  January  8, 
19(S2,  delivcrx’  of  MR-1  to  the  spacecraft  assembly  facility 
(S.M'i  is  scheduled,  and  .MR-2  buildup  has  commenced 
in  support  of  the  January  22.  U)62.  MR-2  S.AF  delivery 
re<|uirement. 

The  flight-weight  test  system  was  then  modified  in¬ 
sistent  with  .Mariner  11  recpiirements  and  turned  over  for 
temi>erature  control  tests  in  the  temperature  control 
model  spaci'craft.  .Ml  flight  thermal  control  features  (sur¬ 
face  finishes,  etc)  were  duplicated  on  the  test  unit,  and 
9  Ih  of  water  were  placed  in  the  fuel  tank  to  simulate 
♦  he  propellant  thermal  load. 

The  MR-1  flight  system  weights  (actual)  in  pounds  are 
summari/.ed  in  the  following: 


Dry  unserx  iced  ])ropulsion  system  xveight  . 21.07 

Nominal  propellant  load.  N.ll,  (including 


ri'serxcs) 

9.40 

Nitrogen  (includes  N.  in  the  \..  tank, 
propellant  tank,  and  start  cartridge) . 

. 0.85 

Oxidi/er.  N  O,  . 

0.04 

Oahling  . 

. 1.51 

Jet  x  ane  actuators  (4)  .  ..  . 

2.01 

Pyrotechnics  (estimated) 

.0.41 

Total  ])ropnlsion  system  xveight . 

35.29 
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ML  Mrtn'ncr  B 


A.  Spacecraft  Design 

f .  Introduction 

The  preliminary  design  of  Mariner  B  is  in  progress. 
A  spacecraft  working  configuration  has  been  chosen,  the 
design  characteristics  and  restraints  have  been  written, 
and  the  various  functional  specifications  can  now  be 
generated.  Completion  of  the  functioiuil  specifications 
will  signify  the  completion  of  preliminary  design. 

Initial  effort  has  centered  around  attempting  to  better 
understand  the  problems  and  to  set  forth  design  philoso¬ 
phies  in  the  areas  of  structural  design  and  dynamics, 
temperature  control,  instrument  integration,  pyrotechnics, 
and  packaging.  With  this  as  a  basis,  it  is  intende<1  that 
the  functional  specifications,  including  adequate  design 
layouts  for  nearly  complete  interface  definition,  will  be 
able  to  serve  as  a  firm  guide  during  the  detail  design  and 
development  periods. 

Emphasis  has  been  placed  on  maximizing  the 
reliability  of  the  basic  bus  within  the  weight  and  space 
limitations  imposed.  Such  things  as  redundancy  in  the 
pyrotechnics  system,  minimization  of  interdependence  of 
events,  minimum  reliance  on  active  temperature  control, 
and  minimization  of  articulating  members  fall  in  this 
category.  The  dual  planet  capability  and  its  effect  on 
the  configuration,  especially  in  the  areas  of  temperature 
control,  sensor  location,  and  the  planetary  horizontal 
platform,  were  also  of  major  conerrn,  as  was  the  capsule 
carrying  capability. 


2.  Oonoral  Configuration  and  Mtchanks 

The  Mariner  B  spacecraft  is  capable  of  performing 
scientific  investigations  at  the  planets  Venus  and  Mars 
during  their  periods  of  availability  in  1964  through  1967. 
It  also  has  the  capability  of  performing  interplanetary 
scientific  investigations  in  the  regions  between  Venus 
and  Mars. 

In  order  to  have  this  dual  planet  capability  and  be  able 
to  perform  its  required  missions,  the  spacecraft  consists 
of  a  hexagonal  instrument  compartment,  referred  to  as 
the  basic  bus,  and  a  145  ft“  solar  cell  array.  This  array  is 
made  up  of  90  ft*  of  ert'ctable  solar  panels  and  55  ft‘  of 
fixed  panel,  the  latter  serving  also  as  a  solar  shield  to  the 
basie  bus.  In  this  manner  the  spacecraft  temperature 
control  system  can  be  made  less  sensitive  to  the  large 
difference  in  the  solar  constant  at  Venus  and  Mars. 

In  order  to  perform  the  planet  oriented  experiments, 
the  spacecraft  configuration  has  the  ability  of  carrying  a 
2-deg-of-freedom  platform  for  planetary  scientific  instru¬ 
ments. 

In  satisfying  the  communication  system  requirements 
the  spac'ecraft  configuration  includes  a  steerable  high 
gain  4-ft  parabolic  antenna,  with  a  fixed  feed  and  a  low 
gain,  body  fixed  array. 

The  spacecraft  attitude  control  system  uses  the  Sun 
and  Canopus  as  reference  bodies.  The  spacecraft  roll 
axis,  normal  to  the  plane  of  the  solar  panels,  is  pointed 
toward  the  Sun;  its  roll  orientation  is  maintained  by 
a  Canopus  seeker.  (Canopus  is  roughly  a  south  polar 
ecliptic  star  with  an  apparent  visual  magnitude  of  ^  0.73.) 
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Tiu*  spucvcraft  propulsion  system  is  an  integral  unit 
easily  removed  from  the  spaeeeraft.  This  unit  eoiisists  of 
a  5()-lb-thrnst  hydra/.ine  eoftiin*,  and  a  prop<‘llant  tank, 
sized  to  impart  a  veloeity  iiKrement  of  200  in  .see  to  a 
1500-lb  spaeeeraft.  Int(>^ral  with  this  unit  is  its  own 
pressurization  system  and  all  the  as.soeiated  valvinj'  an<l 
plumbing.  The  propulsion  unit  meehaniealiy  th's  into  tin- 
spaeeeraft  at  the  bases  of  .3  of  the  6-lu‘x  eohimns  (Fig  1). 

In  addition,  the  spaeeeraft  has  the  eapability  of  earry- 
ing  or  not  carrying  a  small  eapsuh*  and  certain  eapsule 
related  items.  For  1W),5  and  subse(|ueut  missions,  these 
items  include  a  reeei\er  in  the  spaieeraft  bus  (capable 
of  rei'eiviug  the  cajisule  traiisiiiissious  and  forwarding 
them  to  a  dat.i  storage  ssstemi  and  planetary  approach 
guidaiu-e  e(|uipment.  If  a  eapsule  is  flown  on  lh<‘  Mars 
U)()-t  mission,  the  eapsule  shall  eoiumunieate  direetK 
to  F.arth  alter  separation  from  the  spaieeraft  bus.  The 
eapsule-bus  mechanical  interface  lonsists  of  an  adapter 
section  which  contains  a  capsule  separation  joint  .mil 
an  adapter  bus  field  joint.  The  field  joint  ties  into  the 
top  of  the  basic  he\.  and  c.uries  across  it  the  nei'cssarv 
electrical  disconnects  to  support  the  separation  release 
ssstem  and  the  capsule-adapter  elcilrieal  interface.  The 


Figure  1 .  Propulsion  unit  mounting  fixture 


eaiisule  separation  will  be  a  spring  ejection  system  with 
a  pyrotechnie  release  mechanism.  'Fhe  capsnie-adapter 
electrical  disconnect  will  be  a  passive  O-engagement  type 
rpiick  disconneet. 

Due  to  uncertainty  in  the  capsule  size  and  weight  at 
this  time  no  e.vtensive  detail  design  efifort  will  be  devoted 
to  the  capsule-adapter  or  capsule-adapter  separation 
joint.  However,  a  strnctnral  bus  interface  will  be  estab¬ 
lished  so  that  a  capsule-adapter  may  be  subseijuently 
intriKliiced. 

The  spacecraft,  as  now  envisioned,  incorporates  11  actu¬ 
ators  to  perform  its  necessary  tracking,  scanning,  and 
articulating  functions.  This  total  can  1h*  divided  into  2 
groups:  1  of  6  jiassive  actuators,  the  other  of  5  servo- 
ai'tiiators.  Tin-  6  passive  actuators  are  ii.sed  in  the  erection 
of  the  1  solar  panels,  the  antenna,  and  the  PHP  biKim. 
Of  the  .5  servoactuators.  2  are  used  for  the  antenna  track, 
2  for  the  PHP  track,  and  1  for  the  planet  scan. 

The  (lanopus  sei-ker  reipiires  2  deg  of  freedom.  One  is 
meehanized  by  an  all  electronic  system,  and  the  other  is 
])ro\'ided  by  the  spaeeeraft  roll  frei'dom,  thus  avoiding 
any  mechanical  actuators.  .Since  the  spacecraft  roll  con¬ 
trol  is  provided  b\'  the  Oano|)us  seeker  rather  than  an 
antenna-mounted  Farth  sensor,  as  on  Ranker  and  Mari- 
tu  r  II.  the  antenna  traeking  system  bec-omes  slightly  more 
complicated.  With  the  spaceixaft  assuming  an  inertial 
referenee  system  (the  Sun-probe-(.'anopus  system)  the 
antenna  must  In-  capable  of  tracking  the  Kurth  through 
2  deg  of  freedom  without  masking  the  Earth  by  the  space¬ 
craft  itself.  To  satisfy  this  re<|uiremenl  the  antenna  is  pro- 
sided  with  an  azimuth-elesation  tyjH-  mount.  This  mount 
is  erectisl  a  suitable  distance  away  from  the  spacecraft 
to  .isoid  masking  the  F.arth.  In  this  manner  the  view 
field  of  the  antenna  is  somewhat  greater  than  a  In  .li- 
sphere.  In  oriler  to  have  the  ability  to  track  during  the 
propulsion  maneus  ers,  the  antenna  viesv  must  c'^.-ompass 
an  unobstructed  hemisphere  whose  ba.se  is  parallel  to  the 
thrust  vector.  The  present  scheme  satisfii-s  this  condition. 

The  2  actuators  could  be  removetl  if  an  antenna-mounted 
Earth  sensor  were  used  for  spacecraft  roll  control.  These 
2  actuators  consist  of  1  passive  actuator  for  the  antenna 
erection  and  1  of  the  2  .sersos,  with  the  spacecraft  roll 
affording  I  ileg  of  freedom.  On  the  other  hand,  the  dis¬ 
advantages  in  this  scheme  are  numerous.  To  be  i-onsidered 
are: 

(I)  The  meehanization  of  such  an  Earth  sim.sor  to  cope 
with  the  dynamic  range  of  the  Earth  as  .seen  from 
the  spaci'eralt  in  going  to  both  Mars  and  N’enus. 
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(2)  'I’lic  c'()iii|)ali))ility  witli  tlic  I'.artli-proho-Suii  aiinK- 
to  0. 

(.'])  'I'lu'  fompliiatioii  ol  tlic  plaiu't  Iraik  st'luanc  at 
t'lK'oimtcr. 

(1)  'I'lic  inal)ilil\'  to  coiniiuiiiicatc  diiriii).'  propulsion 
maiu'uvors, 

Tlu'  rcmaiiiiiiK  I  aitiiatois  aro  |•(‘(|oir^‘<l  tor  tlic  I’llP. 
'I'liis  instriiincnt  lias  an  a/iinotli-<'l('\alii>n  inoiint  orcctod 
Niiilahly  away  Irom  tlic  spai-ccraft  to  satisfy  the  planet 
look  angles.  'I'lie  sensitise  axis  ol  the  I’lll*  is  servo-loeki-d 
to  the  I'cnter  of  the  planet  disc  hy  means  o(  a  planet 
hori/on  seeker  and  2  ser\  o  ai  tiiators.  The  iilanet  oriented 
experiments  scan  about  this  axis  iisiiii'  a  |)roKraninied  scan 
aetnator. 

I'i)'iire  2  is  a  photograph  ol  .i  hill  se.de  eonfi^iiration 
inoekiip  now  under  eonstrnetion.  \  dr.iw  iim  ol  the  spaei-- 
eralt  is  show  n  in  l''ij'nre  .'I. 

3.  Structural  Design 

A  strnetiiral  test  miKlel  haseil  on  the  proposed  desi)'n 
eonliKiir.ition  is  nearing  eonipletion  ol  labriiation.  This 
model  will  he  snbjeeted  to  dxn.miiv  testinj;  which  is 
seliediiled  to  st.irt  earlx’  in  Janiiarv  1IK)2.  Determination 
of  normal-mode  ihar.uteristies  li.e.,  Ire<|ueneies.  iimkIc 
shapi's,  and  strnetor.d  d. imping  eiM'llieieiitsi  will  be  the 
prime  goal  of  the  tests,  These  results  will  then  be  com¬ 
pared  to  the  eonipiiter  .mabsis  to  .iseertain  the  validity  of 
certain  assmn|itioiis  made  in  the  analysis.  I'pon  (omirle- 
tion  of  all  modal  siirvcx  work,  it  is  planned  to  siibj<-et  the 
test  iikkIcI  to  the  strnetiiral  type  approval  dynamic  test. 


Figura  2.  Full-icale  configuration  mockup 


.A  solar  |)anel  optimi/ation  study  has  been  initiated, 
ntili/iiiK  a  striii'tiiral  ('onH^'iiration  similar  to  that  ii.sed  on 
Mariners  A  and  H.  The  panel  area  rerpiired  for  the  .Mars 
mission  (22..")  It  per  panel)  is  b<-st  achieved  by  nsinH 
2  lont'itiidinal  main  beams  with  the  typical  eorrii^ation 
strnetnre  spanning  transversely.  The  advantage  in  this 
eonfignration  eonu'S  from  the  corrugation  stiffness  require¬ 
ment  being  dependent  on  panel  width  rather  than  length. 
Thus,  longer  solar  panel  lengths  do  not  increase  the 
vve-ight  nearly  as  rapidly  as  when  corrugations  span 
lengthw  ise.  The  beams,  vvhieh  an-  tlependent  on  panel 
length,  can  be  ellieiently  designi-d  bv’  taking  advantage 
ol  ineri-asi-d  dejitli  to  achieve  stiffness.  This  eonstrnetion 
is  readily  adaptable  to  panels  which  will  c-ase  the  han¬ 
dling  and  cell  installation  problems.  Strnetiiral  splices 
bc-tween  modules  can  be  accomplished  with  but  slight 
peiialtv  in  unusable  panel  area. 

I‘reliminarv  stiidv'  work  has  been  completed  on  a  solar 
eoneeiitrator  structure  as  proposed  by  Hoeing  .Airplane 
Oonipatiy.  This  design  consists  of  corrugation  eonstnic- 
tion.  This  tvpe  of  panel  c  .in  be  coiisidc-rc-d  for  use-  on  the 
M  ars  vehicle  only.  It  cannot  be  iisc-d  at  \'c-nns  bc-cause 
the  cell  operating  teniperatiin-  is  too  high. 

Structural  considc-ration  ol  the-  antenna  and  PUP  has 
bc-c-n  limitc-d  to  configuration  and  location  studies.  Tlu- 
position  of  the-  antenna  re(|uirc-s  that  the-  fixe-d  fc-c-d  intrude 
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into  the  center  of  the  basic  hex  and  under  the  capsule. 
This  requires  that  a  6-point  truss  be  used  to  supiiort  the 
capsule. 

Some  structural  improvements  have  been  made  in  the 
mid-course  propulsion  system.  The  motor  support  struc¬ 
ture  has  been  lightened  by  more  efficient  structural  u.se 
of  the  metal.  The  usual  ring  support  for  the  proptdlant 
tank  has  been  eliminated  in  favor  of  3  loc'al  bosses  on 
the  tank  to  which  the  support  truss  is  bolted. 

4.  Structural  Dynamkt 

a.  Environmental  vibration  criteria.  As  an  interim 
measure,  pending  more  detailiKl  investigation,  the  space¬ 
craft  vibration  environments  to  be  used  for  structural 
design  have  been  stdected  t<i  be  identical  with  tlios«*  sjieci- 
fied  for  the  Surveyor  spacecraft. 

b.  Modal  vibration  analytu.  Modal  \'ihration  analysis 
of  the  Mariner  B  spacecraft  makes  use  of  an  existing 
digital  computer  program  appb’iug  to  pin-jointed  s|)ace- 
frames  having  masses  concentrated  at  the  joints.  Inasmuch 
as  the  basic  bus  is  more  characteristic  of  semiinon<H'o(|ue 
construction  than  truss  construction,  ade<|uate  cdastic  and 
inertial  representation  of  the  complete  spacx'craft  (i.c*.. 
bus,  fold-out  solar  panels,  antenna  Imkhu.  and  PIIP  lMM>m) 
is  encumben’d  by  limitations  in  conceptual  translation 
from  the  actual  to  the  fictitious  structure,  and  in  limita¬ 
tions  in  the  numlH-r  of  th*grees  of  freedom  which  can  be 
aceomm(Klated  in  tin-  computer  program.  .\<eordingly. 
.supplementarx'-metlKxls  dex'clopmenl  has  Ix-cn  initiated 
to  |X-rmit  m(Klal-t>'|M-  analyses  which  employ  normal 
mixles  of  major  coinixiiu-nts  (e.g.,  bus,  panel,  or  IxNim)  as 
generalized  c(K)rdinates  in  a  latgraugian  treatment.  By 
this  building  bhx'k  t<‘chnkpie,  the  numlnT  of  degre<*s  of 
freedom  which  ne*-*!  be  tr«‘at«-d  in  any  one  computer  run 
may  be  substantially  r«‘duct'd  and  the  structural  n*pre- 
sentation  of  each  comiX)n«'nt  ma\'  Ik-  upgraded  ac-cord- 
ingly,  as  required. 

Investigations  show  that  this  approach  may  b<>  dexel- 
opc*d  in  a  routine  manner  when  <'ach  pan<-l  (or  b(M)m)  is 
supported  on  the  hu.s  in  a  statically  determinate  manner 
(«‘.g.,  cantilever<‘d  or  simply  supjxirted.)  Howc-vc-r,  a  .solu¬ 
tion  for  the  case  of  statically  indeterminate  sup|X>rt  has 
not  Ix'cn  examined. 

The  currently  propos<xl  intcriatching  of  adjacent  .solar 
panels,  in  conjunction  with  a  link-tyjX'  .support  from  the 
bus  near  each  panel  free  <*dg<‘,  intrcxluces  redundancies 
which  may  induce  large  loadings  on  panel  hinges  and 
latches  (luring  the  lxM)st  phase.  At  the  .same  time,  the 
high  shear  stiffness  of  the  interhxked  solar  panels  has  a 


marked  (>ffect  on  raising  the  natural  frequencies  of  the 
1"'  S(‘veral  oscillation  mcxles  of  the  spaceciaft. 

Further  inve.stigation  of  this  structural  configuration  is 
planned  by  an  integrat'd  program  of  theoretical  analysis 
and  mcxlal  vibration  tests. 

c,  Meaaurement  of  rigid-body  moat  parameten.  The 
desirability  of  minimi/ing  handling  and  reorientation  of 
large  spacecraft  during  the  measuring  of  weight,  eg 
c(X)rdinates,  and  centroidal  moments  of  inertia  in  pitch, 
roll,  and  yaw  is  recognized.  Accordingly,  a  test  setup  has 
been  conceived  which  appears  to  permit  adequate  meas¬ 
urement  of  all  of  these  properties  with  the  spacecraft  in 
its  nominal  vertical  position.  In  particular,  when  the 
ct'ntroidal  pnxlucts  of  inertia  alxuit  pitch-roll  and  yaw- 
roll  axes  are  very  small,  analx'sis  shows  that  accuracy 
recjiiiix'inents  can  be  met. 

The  cssc'utial  f(>alur(>  of  the  proix>sed  methexi  is  utili¬ 
zation  of  a  trifilar  suspension.  Weight  and  the  eg  hx-ation 
in  the  x-ij  plane  arc  first  determined  by  conventional 
static  measun'inents.  Subsccpiently,  a  lu'lical  spring  of 
suitable  stiffness  is  inserted  in  I  of  the  3  filaments,  per¬ 
mitting  determination  of  vertical  eg  position  and  a  cen¬ 
troidal  moment  of  inertia  alxxit  an  axis  in  the  x-y  plane 
as  functions  of  setup  parameters  and  measured  frequen¬ 
cies  of  2  natural  oscillation  nxxles.  Ri'jX'tition  of  this 
pnx'css  with  th(‘  spring  placed,  sut'cessively,  in  the  other 
2  filanx'nts  gives  m(‘asurenM‘nts  of  centroidal  moments  of 
iiu'rtia  alxnit  other  axes  in  tlu*  x-y  plane.  From  the  3 
moments  of  inertia  so  determined,  centroidal  pitch  and 
yaw  moments  of  inertia  am’  the  ct'ntroidal  product  of 
in('rtia  about  the  pitch-yaw  axes  may  be  derived.  The  roll 
monu'nt  of  ini'rtia  is  obtainable  by  use  of  the  suspension 
as  a  tx)nv('ntional  trifilar  ix'ndidum. 

The  analysis  is  bt'ing  extended  to  determine  the  influ- 
('nc('  of  pitch-roll  and  yaw-roll  products  of  inertia  on  the 
aixuracv  of  the  dt'terminations  and,  moreover,  on  the 
practicability  of  measuring  the.se  prcxiucts  of  inertia  with 
iiH'aningful  accuracy. 

5.  Tamparatura  Control 

a.  Basic  hex.  Sinci'  SPS  37-12,  there  has  bt'cn  a  basic 
change  in  thi'  temjX'rature  control  philosophy.  It  was 
detennined  that  the  internal  conducting  plate  can  not 
b('  made  in  1  pieci';  a  multi-piece  unit,  with  many  more 
joints  having  indeterminate  conductance  values  are  nec- 
('ssary.  The  extra  joints  change  the  internal  temperature 
gradii'nt  from  .3()'’F  to  approximately  70"F,  This  gradient 
uses  t(H)  much  of  the  allowable  temperature  range  of  most 
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equipment  to  allow  adequate  margins  for  all  unknown 
surface  properties,  conduction  paths,  view  factors,  etc. 

Currently,  the  basic  temperature  control  scheme  utilizes 
the  exterior  surface  of  the  spacecraft  as  the  primary 
radiator,  the  heat  path  being  radially  outward  from  the 
electronics.  Provision  is  made  for  the  c-omponents  to 
either  attach  directly  to  this  radiator  or  to  be  physically 
separated  from  it  (Fig  4).  This  allows  control  over  the 
flux  path,  a  direct  path  to  the  radiator  when  the  heat  flux 
is  large,  and  an  indirect  path  when  the  heat  flux  is  low. 
Since  the  path  lengths  are  shorter  and  there  are  less  joints, 
the  temperature  variations  due  to  the  unknowns  in  the 
path  lengths  are  lower  than  in  the  previous  approach. 
The  exterior  shell  of  the  spacecraft  will  be  as  smooth  and 
unbroken  as  possible  to  allow  each  particular  segment 
of  the  surface  to  have  as  large  a  view  factor  to  space  as 
possible.  This  minimizes  interaction  effects  between  vari¬ 
ous  sections  of  the  spacecraft. 

As  many  components  as  practical  will  he  included 
inside  the  outer  shell  of  the  spac(‘craft  hex.  giving  each 
a  more  predictable  environment  than  |M)ssihle  if  tluw  art' 
mounted  externally.  The  interior  of  tlu>  spacecraft  h<*x 
will  be  as  open  as  possible,  linking,  by  radiation  primarily, 
all  of  the  subsystems  into  a  more  isothermal  package.  This 
allows  more  of  the  spac(*craft  lu'x  than  just  the  item  con¬ 
cerned  to  react  during  power  transients  or  solar  heat  loads 
during  unoriented  periods,  thus  rtducing  the  accompany¬ 


ing  temperature  variations.  Active  controls,  to  modify  the 
heat  flux  or  the  flux  path,  will  be  provided  where  opera¬ 
tional  temperature  tolerances  are  small. 

During  cruise,  the  spacecraft  is  isolated  from  the  solar 
heat  load  by  the  fixed  solar  panel  array  which  is  insulated 
on  the  back,  nr  by  an  insulated  shield.  This  is  necessary 
due  to  the  large  changes  in  solar  intensity  between  the 
Earth  and  either  Venus  or  Mars  However,  during 
maneuvers  the  spacecraft  will  be  forced  to  endure  solar 
input  directly  to  certain  radiator  surfaces,  causing  large 
changes  in  the  amount  of  heat  to  be  rejected.  Presently 
the  only  way  to  handle  these  large  solar  inputs  is  by 
thermal  inertia  and  limiting  the  amount  of  time  such  con¬ 
ditions  will  be  experienced.  There  is  no  way  available 
within  the  present  weight  limits  to  effectively  transfer 
these*  cpiantities  of  heat  without  large  temperature  differ¬ 
ence's  frenn  1  siele*  of  the-  spacecraft  tee  the  other. 

b.  Captule.  .4s  pre-se-ntly  envisiemed.  the  capsule  will 
Iv  fleewn  in  the-  shade-  be-low  the  spacecraft.  The  ablation 
shie-lel  iitili/ed  feer  planetary  e-ntranc-e-  prote-ction  will  also 
prox  ide-  a  high  re-sistance-  he-at  path  during  cruise  alleewing 
small  e-le-ctrical  hc-ate-rs  to  maintain  the  capsule  interior 
te-mperature-  at  a  desirable-  le-vel.  If  the  ablation  shield 
den-s  not  provide  e-nenigh  insulation  and  the  c-apsule 
reH|uire>.s  me>re-  peewe-r  than  can  be-  allcK-ated,  additional 
lightwe-ight  insulatiem  will  be  added  to  the  c-apsule  or  the 
space-craft  will  be*  in\  e-rte-d.  placing  the  capsule  in  the  Sun. 


STRUCTURAL  BOX 
OR  PLATE  WHICH 


RADIATES  TO 
BUS  INTERIOR 


Figure  4.  Thermal  needs  reloted  to  packaging  mechanics 
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In  either  case,  temperature  control  of  the  capsule  after 
separation  will  probably  require  a  slow  tumbling  rate  to 
equally  distribute  the  solar  heat  input  and  minimize 
cross-capsule  temperature  gradients. 

c.  Component$.  The  temperature  control  aspects  of  the 
external  actuators,  antennas,  and  external  sensors  are 
being  investigated.  However,  based  on  past  experience, 
these  kinds  of  component  must  be  able  to  operate  over 
an  extremely  wide  temperature  range.  Such  things  as 
unavoidable  shading  during  maneuvers,  variations  in  area 
exposed  to  sunlight  during  operation,  low  ratio  of  weight 
to  surface  area,  and  large  variations  in  internal  power 
introduce  requirements  for  wide  temperature  tolerances. 

Rough  estimates  of  the  ranges  of  temperatures  to  be 
expected  by  these  components  are  listed  in  the  following: 

External  actuators,  - 100  to  200°  F. 

Antennas,  - 100  to  250°  F. 

External  sensors,  — 100  to  200°  F. 

d.  Solar  paatU.  Preliminary  analysis  has  been  com¬ 
pleted  on  the  solar  panels,  allowing  a  fairly  representative 
picture  of  the  operating  temperatures  of  the  fixed  and 
folding  solar  panels.  In  the  present  configuration.  Table  1 
lists  the  operating  temperatures  for  various  points  in  the 
trajectory.  The  range  in  values  for  a  fold-out  panel  include 
the  effects  of  the  electronic  boxes,  variations  in  surface 
properties,  and  various  doublers  and  gussets  on  the  back 
side. 

6.  Insfrummit  Integration 

In  order  to  provide  as  ideal  an  environment  as  possible 
for  the  scientific  instruments,  it  is  desirable  to  mount 
them  inside  the  protective  external  hexagonal  cover.  This 
desire  sometimes  conflicts  with  the  requirement  of  the 
instrument  to  have  a  clear  view  (with  a  fairly  large  cone 
angle)  free  from  interference  by  the  spacecraft  and  its 
appendages.  This  problem  is  complicated,  in  many  cases, 
by  the  requirement  to  view  the  Sun  as  well  as  space  at 


Table  1 .  Solar  panel  operating  temperatures 
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various  stipulated  angles  to  the  Sun.  In  the  case  of  a 
spacecraft  such  as  Mariner  B,  employing  large  solar 
panels,  this  requires  either  peering  over  the  edge  of  the 
panels  or  through  holes  provided  for  that  purpose.  In 
order  to  minimize  the  conflict  of  these  requirements,  the 
initial  effort  in  instrument  integration  has  centered  around 
defining  the  requirements  more  precisely: 

(1)  The  size  and  weight  of  the  unit. 

(2)  Its  view  direction(s)  and  cone  angle(s). 

(3)  The  ability  to  separate  the  sensor  from  the  elec¬ 
tronic  equipment. 

(4)  The  allowable  thermal  environment,  particularly 
of  critical  components. 

Much  of  this  preliminary  information  is  now  available 
as  a  result  of  close  liaison  with  the  experimenters,  and  as 
soon  as  the  cruise  attitude  of  the  spacecraft  is  determined, 
each  of  the  spacecraft  fixed  instruments  will  be  assigned 
a  location. 

The  planet  oriented  experiments  present  special  view¬ 
ing  problems  during  planetary  encounter  due  to  the 

EARTH  ANTENNA 


Figure  5.  Coordinate  system  for  1964  launch 
eppertunities 
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requirement  of  tracking  a  moving  target  relative  to  the 
spacecraft.  A  planet  oriented  horizontal  platform  (PHP) 
with  a  superimposed  1-dimension  scan  movement  fulfills 
this  need.  For  the  Mars  and  Venus  missions  of  Mariner  B 
the  following  problems  must  be  considered: 

(1)  All  spacecraft  field  of  view  constraints  for  the  de¬ 
signed  trajectory  and  planet  pass  for  each  target 
planet. 

(2)  Any  modification  to  the  spacecraft  necessary  to 
provide  dual  planet  capability. 

(3)  Introduction  by  later  year  missions  of  any  new 
constraints  which  might  affect  spacecraft  design. 

(4)  Planet  pass  dispersion  effects  on  PHP  field  of  view. 

Available  information  is  insufficient  to  n-solve  all  of 
these  problems  at  this  time.  It  is  sufficient,  however,  for 
analyzing  the  1964  opportunities.  Figure  5  shows  the 
coordinate  system  used  for  the  analysis.  Figures  6  and  7 
show  the  Venus  and  Earth  trajectories,  respectively,  rela¬ 


tive  to  the  spacecraft.  These  curves  appear  framed  by 
the  interference  outline  of  the  spacecraft.  Figures  8  and  9 
show  similar  plots  for  the  1964  Mars  encounter.  In  order 
to  achieve  the  clear  fields  of  view  indicated,  it  was  neces¬ 
sary  to  roll  orient  the  spacecraft  relative  to  Canopus  as 
shown  in  Figure  5.  It  is  not  clear  that  this  same  roll  offset 
will  satisfy  the  later  missions.  It  may  be  that  gyro  control 
of  roll  orientation  during  encounter  will  be  necessary  in 
order  to  preclude  relocation  of  the  Canopus  seeker  for 
each  mission. 

An  interesting  effect  of  the  SO-deg  roll  offset  is  the 
resultant  scan  pattern  for  the  instruments.  Figure  10 
demonstrates  a  typical  Venus  scan  with  the  scan  axis 
parallel  to  the  boom  swivel  axis.  The  chart  is  a  mercator 
projection  of  the  planet  surface  showing  the  trajectory 
path  from  right  to  left  with  the  scan  pattern  above  and 
below  it  at  various  times  before  and  after  closest  approach. 

7.  F/roftclinio 

Exploding  wire  is  being  considered  as  the  ignition 
approach  for  the  pyrotechnics  system  on  Mariner  B.  This 
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decision  has  been  in  part  promoted  by  the  recent  atten¬ 
tion  focused  upon  conventional  hot-wire  pyrotechnics 
by  the  AMR  Safety  Committee.  That  office  has  issued  a 
document  requiring  1  amp,  1  w,  no-fire  squibs  in  all 
future  operations  at  AMR.  This  requirement  imposes 
stringent  design  constraints  on  the  ignition  .system  and 
indicates  a  trend  which  significantly  reduces  the  desira¬ 
bility  of  hot-wire  systems. 

It  is  intended  that  a  backup  design  b<>  carrit^d  through 
the  initial  phases  of  the  design,  utilizing  capacitive  dis¬ 
charge  ignition  and  1  amp,  1  w,  no-fire  squibs. 

The  design  criteria  and  requirements  for  the  pyro¬ 
technic  system  are  as  follows; 

(1)  There  will  be  full  rt>dundancy  in  the  command, 
control,  cabling  and  explosive  subsystems  (i.e.,  2 


independent,  commands,  ignition  channels,  and 
bridgewires  or  squibs). 

(2)  Requirements  imposed  on  the  pyrotechnic  system 
for  close  tolerances  in  firing  2  or  more  devices  will 
be  held  to  a  minimum.  Any  requirement  for  any 
tolerance  in  this  respect  must  be  arbitrated  at  the 
earliest  possible  date. 

(.3)  Ignition  of  all  squibs  will  be  performed  by  explod¬ 
ing  wire  techniques  with  a  backup  design  being 
carried  for  conventional  1  amp,  1  w,  no-fire  squibs. 

(■4)  The  total  number  and  description  of  required 
events  is  not  yet  available  and  will  be  necessary 
before  the  system  can  be  completely  defined. 
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(5)  The  weight  of  the  ignition  system  and  firing  harness 
utilizing  redundancy  is  estimated  to  be  10  Ib. 

(6)  The  pyrotechnics  system  will  derive  its  power  from 
the  main  spacecraft  dc  supply. 

(7)  Exploding  bridgewire  simulators  are  being  devel¬ 
oped  for  system  test  operations. 


8.  Packaging 

The  basic  packaging  concepts  for  Mariner  B  have  not 
changed  since  the  last  reporting  period.  Some  modifica¬ 
tions  have  been  made  in  the  design  to  accommodate  the 
change  in  philosophy  for  the  temperature  control  of  the 
spacecraft  and  as  a  consequence  of  further  development 
of  chassis  and  subchassis  design.  The  original  basic  design 


philosophy  for  temperature  control  (that  the  heat  flow 
would  be  inward  and  upward)  has  now  been  revised  to 
provide  for  direct  mounting  of  high  beat  dissipating  sub- 
assemblies  on  the  radiating  surfaces  and  located  as  far 
from  the  solar  panels  as  possible.  The  low  power  dissi¬ 
pating  equipment  would  still  conduct  toward  the  interior 
of  the  spacecraft  but  with  provisions  for  a  thermal  control 
shield  to  be  mounted  externally  to  tbe  subassemblies  on 
the  outboard  side. 

The  use  of  plug-in  subassemblies  for  the  low  and 
medium  powered  assemblies  is  a  design  goal  to  provide 
better  wiring  between  these  subassemblies  having  a  rela¬ 
tively  high  pin  density.  The  use  of  a  double  width 
subassembly  is  contemplated  for  some  assemblies  with 
digital  type  circuitry  to  reduc'e  the  interconnecting  wiring 
between  subassemblies.  For  these  double- width  units  it  is 
presently  planned  to  eliminate  the  center  bulkhead  ring 
of  the  stnicture. 
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Figure  8.  Mors  traiectery  relptive  to  spacecraft 
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Figure  10.  Typical  Venus  scon 
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IV.  Voyager 


A.  Synopsis 

Specific  efforts  directed  to  the  accomplishment  of  the 
Voyager  Project  have  been  initiated.  The  Systems  Divi¬ 
sion  is  participating  with  the  technical  divisions  in  the 
generation  of  mission  objectives  and  the  preparation  of 
preliminary  systems  design  specifications  for  interplane¬ 
tary  spacecraft  to  be  used  as  planetary  orbiters  and 
landers,  and  out-of-the-plane-of-the-ecliptic  probes,  using 
the  Saturn  vehicle  as  the  booster. 

The  Space  Science  Division  is  conducting  Voyager 
scientific  feasibility  studies  to  establish  the  feasibility  of 
meteorological,  biological,  and  certain  adaptions  of  geo¬ 
logical  experiments  for  the  Voyager,  and  to  refine  the 
knowledge  of  the  Mars  and  Venus  environments  as  they 
may  affect  the  experiments  and  spacecraft  for  these  flights. 

The  Guidance  and  Control  Division  is  continuing  its 
studies  of  guidance  and  c'ontrol  requirements,  methods. 


and  techniques  for  advanced  planetary  missions,  both 
those  currently  planned  and  those  that  become  necessary 
or  desirable  as  a  result  of  discoveries  on  early  planetary 
exploration  missions  that  require  further  exploratory 
operations.  The  methods  to  be  used  include  study  of 
possible  mission  requirements  to  deduce  the  general 
requirements  for  guidance  and  control  subsystem  per¬ 
formance,  evolution  of  subsystem  configurations  to 
accomplish  the  required  tasks,  and  parametric  and  error 
analyses  of  typical  missions  and  operating  situations  to 
determine  the  ranges  of  parameters  and  tolerances 
required. 

The  Engineering  Mechanics  Division  is  performing 
Voyager  spact'craft  studies,  including  analytical  investi¬ 
gations  of  configuration,  thermal  control,  entry  and  land¬ 
ing  dynamics,  postlanding  and  roving  techniques,  booster 
compatibility,  multiple  mission,  or  universal  design  con¬ 
cepts  and  compromises,  and  structural  design  problems. 
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PART  FOUR 

ADVANCED  DEVELOPMENT 


I.  Lunar 


The  Lunar  Advanced  Development  Program  c-onsists 
of  those  projects  and  efforts  which  will  extend  the  state- 
of-the-art  and  will  provide  knowledge  applicable  to  a 
specific  problem  or  technical  field  of  interest,  thus  lead¬ 
ing  to  the  development  of  hardware  necessary  to  the 
planned  Lunar  Exploration  Program.  The  Advanctnl 
Development  Program  also  establishes  a  mechanism  tt) 
ensure  exploitation  of  advances  in  the  state-<»f-the-art. 


A.  Ultra-High-Speed  Optical 
System 

A  research  and  advanced  developm<'nt  effort  is  In'ing 
performed  (by  Optics  Technology,  Inc.,  Belmc»nt,  Cali¬ 
fornia,  under  contract  to  JPL)  to  demonstrate  the  feasi¬ 
bility  of  an  optical  system  with  a  relative  aiK-rture  of 
less  than  f/l  and  whose  complexity  in  eomiioneiit  eU'- 
ments  is  simplified  by  the  iisi*  of  fiber  optic  cimstituents. 


Previous  systems  which  have  been  developed  with  similar 
IH'rformance  characteristics  have  been,  in  large,  too  com¬ 
plex,  bulky,  and  unsuited  for  tbe  space  environment. 

A  large  portion  of  the  program  is  to  conduct  possible 
application  studies  of  optical  systems  possessing  the  fol¬ 
lowing  characteristics; 

(1)  Low  relative  apertures  (less  than  f  1). 

(2)  Wide  field  angles  (20  to  40  deg). 

(.3)  Capability  of  approaching  the  diffraction  limitation 
of  light  in  image  quality. 

(4)  An  optimum  resulting  image  plane  which  will  be 
flat  and  capable  of  using  photographic  plates  for 
system  testing. 

(5)  The  capability  of  performing  under  severe  environ¬ 
mental  conditions. 

(6)  lUilization  of  fiber  optics  components  to  achieve 
simplicity  in  numix'r  of  components  and  minimiza- 
tit)n  of  optical  alinement  difficulties. 

(7)  Capability  of  perfonnance  in  ultraviolet,  visible, 
and  infrared  regions  of  the  six*ctnim. 
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The  resultant  system  would  possess  the  advantages  of 
dynamic  scanning  and/or  space  filtering  capabilities. 

One  system  will  then  be  selected,  based  on  the  study 
results.  An  optical  system  breadboard  model  for  study, 
testing,  and  design  will  be  constructed.  The  fiber  optics 
components,  as  they  are  developed,  will  be  subjected  to 
complete  space  environmental  testing. 

An  image  synthesizer  for  comparing  various  image 
degrading  effects  using  a  variety  of  test  objects  has  been 
constructed  and  is  now  in  use.  In  initial  3^''  order  aberra¬ 
tion  analysis,  spot  diagrams  were  used  that  approximate 
the  intensity  distribution  for  primary  spherical  aberra¬ 
tions,  zonal  spherical  aberrations,  coma,  and  diffraction 
rings  in  an  airy  disk.  A  series  of  photographs  was  made 
where  the  size-to-spot  diagram  dimensions  varied  between 
Vi  and  20.  This  analysis  will  be  extended  to  take  account 
of  diffraction  in  the  presence  of  aberration,  and  spot  dia¬ 
grams  of  the  point  spread  function  with  degrees  of  spheri¬ 
cal.  coma  astigmatism,  and  coma-astigmatism  aberrations. 

General  expressions  that  define  the  3"*  order  aberra¬ 
tions  of  simple  2-  and  3-element  reflecting  and  refracting 
systems  are  being  generated  and  the  effect  of  their  de¬ 
pendence  on  the  system  parameters  is  bt‘ing  studied. 
Because  field  curvature  and  distortion  may  be  ignoriYl 
(due  to  the  use  of  fiber  optics)  it  is  expected  that  a  large 
number  of  simple  systems  exist  for  which  the  other  3 
aberrations  may  be  correctetl. 

Initial  work  has  l)een  undertaken  to  construct  a  bread- 
''oard  model  of  a  wide  field,  low  /-ratio  optical  system, 
using  a  Sutton-type  lens  system  and  fiber  optics  image 
corrections.  A  design  with  an  f  3.5,  4.5-in.  system  with 
a  120-deg  total  field  angle  is  now  under  study.  The  lens 
was  mounted  in  a  viewing  camera  having  a  suitable  aper¬ 
ture.  The  wide  r  .gle  property  of  the  lens  was  demon¬ 
strated  by  rotating  the  lens  on  its  nodal  point  through  a 
100-deg  angle.  No  appreciable  change  was  found  in  the 
image  quality  viewed  through  a  microscope.  A  fiber 
optics  field  flattener  and  conical  condenser  are  nearing 
c-ompletion  and  will  be  u.sed  to  completely  evaluate  this 
system. 


A  2"^  design  with  an  //2.8,  2-in.  system  and  120-deg 
field  angle  is  being  prepared.  Ihis  lens  will  be  incor¬ 
porated  with  fiber  optics  image  correctors  and  detailed 
tests  on  its  photographic  speed  and  resolution  will  be 
made. 


B.  Sun  Simulator 

A  laboratory  mockup  of  the  Sun  simulator  (SPS  37-12) 
has  lx>en  developed.  The  radiation  source  is  a  Hanovia 
900-w  Xenon  arc  lamp.  An  //2  projector  lens  and  an 
//2  camera  lens  are  used  for  condensing  optics  (Fig  1) 
and  an  //I  camera  lens  is  used  for  the  collimating  lens. 
The  setup  is  limited  to  an  f/2  system  because  of  the 
slow  condensing  optics.  The  collimating  lens  has  a  50-mm 
focal  length,  and  provides  a  collimated  energy  bundle 
of  approximately  1  in.  diameter. 

Tests  c'onducted  by  energizing  a  silicon  solar  cell  show 
its  short-circuit  current  to  be  approximately  Vi  its  output 
in  incident  sunlight  extrapolated  to  0  atm.  This  indi¬ 
cates  that  radiation  intensity  is  approximately  30  mw/cm’ 
throughout  the  spectrum  produced  by  the  Xenon  lamp. 
A  radiation  intensity  of  58  mw/cm*  from  the  Xenon  lamp 
should  energize  a  silicon  solar  cell  to  the  same  degree 
incident  sunlight  (140  mw/cm’);  this  is  an  equivalent 
solar  constant  of  1. 


Figure  1.  Sun  simulator 
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II.  Planetary-Interplanetary 


A.  Synopsis 

The  Planetary-Interplanetary  Advancetl  Developntent 
effort  during  FY  62  includes  the  following  long-term 
studies,  analyses,  and  developments  leading  to  feasi¬ 
bility  demonstrations  of  advamvs  in  state-of-the-art 
techniques  intended  for  application  to  future  planetary¬ 
interplanetary  projects  heyond  the  first  flight  missions 
now  scheduled. 

The  Systems  Division  is  conducting  system  analysis 
studies  related  to  trajectory  and  guidancr  problems  asso¬ 
ciated  with  the  return  of  a  vehicle  from  a  planet  to  Earth; 
trajectory  and  guidance  analysis  problems  for  missions 
to  planets  other  than  Venus  and  Mars;  planetary  entry 
and  descent  from  planetary  orbits;  and  extended  tra¬ 
jectories  to  other  planets.  In  addition,  studies  are  b«>ing 
conducted  to  determine  the  values  and  effects  of  errors 
in  the  fundamental  solar  system  cxjnstants. 

The  Space  Science  Division  is  developing  an 
exobiology  microscope  and  a  companion  microscope 
spectrophotometer.  The  exobiology  microscope  is  a  soil- 
sample-gathering-microscope  vidicon  system  capable  of 
performing  visible  analysis  on  soil  samples  which  have 
been  graded  according  to  partictilate  si/.«'  and  density. 
The  microscope  spectropliotomet<>r  provides  a  sjU'ctral 
scan  in  the  rangi  2000  to  .5000  A  of  a  sample  locatwl 
on  the  stage  of  a  microscopt’.  Additional  efforts  are 
directed  to  developing  sample  handling  systems  for  this 
equipment.  Also  under  developm<’nt  are  mierowav«* 
rec'eivers  to  provide  r<-search  tools  for  the  seientifie  study 
of  lunar  and  planetary  surfaces,  atmosplu'res,  and  iono¬ 
spheres;  and  instruiiM-ntation  utili/.ing  solid-.stale  radia¬ 


tion  techniques  for  making  measurements  of  fluxes  and 
energy  spectra  of  charged  particles  in  space.  Studies 
are  htung  made  on  the  merits  of  the  interferometer  type 
of  infrared  spectrometer,  and  on  wet  chemical  analysis 
techniques  applicable  to  biochemical  analysis  and  life 
detection. 

The  Telecommunications  Division  is  pursuing  develop¬ 
ment  of  a  planet-based  capsule  communication  system; 
study,  design,  fabrication,  and  testing  of  erectable  large 
spacecraft  antennas;  investigation  of  the  application  of 
all  magnetic  logic  circuitry  to  spacecraft  time-multiplex¬ 
ing  and  programming  subsystems;  development  of  a 
high-capacity  data  storage  system;  evaluation  of  various 
methods  of  range  acquisition;  and  analysis  and  develop¬ 
ment  of  various  circuit  techniques  applicable  to  long 
range  cximmunications. 

Tlu-  Guidance  and  Control  Division  is  conducting 
advanced  development  efforts  in  the  area  of  logical 
designs  for  guidance  computers;  developing  experimental 
models  of  9-ft  conc-entratprs  and  a  500-w  thermionic  con¬ 
verter  to  provide  techniques  which  may  prove  feasible 
as  spaix'craft  power  .sources;  and  surveying  and  develop¬ 
ing  advanced  attitude  cx)ntrol  .system  mechanization 
methods. 

The  Engineering  Mc'chanics  Division  is  performing 
advancc'd  development  of  the  use  of  cnishable  structures 
for  entry  capsules;  a  thermal  stress  plastic  analysis  of 
radiator  structures;  development  of  inflatable  instrumen¬ 
tation  lKK>ms  for  spacecraft  application,  studies  of  atmos¬ 
phere  entry  and  temperature  control  aspects  of  various 
spacecraft  configurations;  and  development  of  techniques 
applicable  to  the  ('nvironmental  survival  of  equipment. 
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The  Engineering  Facilities  Division  is  developing  in¬ 
strumentation  components,  equipment,  and  systems  to 
support  the  advanced  development  eflFort;  of  the  other 
divisions. 

In  the  field  of  chemical  propulsion,  the  Propulsion 
Division  is  conducting  an  industry-wide  survey  of  high 
energy  solid  propellant  development  activities  in  order 
to  select  propellants  for  investigation  and  use  with  space¬ 
craft.  Efforts  are  also  being  expended  in  the  evaluation 
of  throat  and  nozzle  materials. 

In  the  field  of  electric  propulsion,  the  Propulsion  Divi¬ 
sion  is  keeping  abreast  of  preliminary  descriptions  of  the 
SNAP-VIII  reactor  system,  its  power  conversion  system, 
and  its  thrust  units,  and  is  evaluating  the  constraints 
they  place  on  the  spacecraft  and  or  constraints  the  space¬ 
craft  should  place  on  these  units.  Supporting  the  electric 
propulsion  are  the  following  efforts  being  undertaken 
by  other  divisions;  trajectory  and  guidance  analysis;  sys¬ 
tems  studies  and  preliminary  analysis  of  spacecraft 
designs;  communication  analysis;  analytical  design  of 
guidance  and  control  subsystems;  and  studies  and  analy¬ 
ses  in  the  areas  of  stnictural  dynamics,  structural  con¬ 
figuration,  shielding,  and  temperature  control  for  electric 
propulsion  spacecraft. 


B.  Space  Sciences 

1 .  Sp9€lra  of  Vonut  and  Jupitor 

Some  empirical  data  studies  have  been  made  on  the 
intensity  distribution  in  the  spectra  of  Venus  and  Jupiter. 
Nitrous  oxide  absorption  has  been  suggested  as  an  inter¬ 
pretation  of  the  low  ultraviolet  albedos  of  these  2  planets 
and  Mars  (Refs  1,  2,  and  3),  but  the  available  data  (Refs 
4  and  5)  does  not  seem  to  corroborate  the  hypothesis. 

a.  VeniM.  Both  Kozyrev  (Ref  6)  and  Heyden,  Kiess, 
and  Kiess  (Ref  1)  have  pointed  out  that  the  Cytherean 
spectrum  was  considerably  fainter  in  the  near  ultraviolet 
with  respect  to  the  visual  region  than  were  the  observ<*d 
comparison  sources.  Kozyrev  compared  the  Venus  spec¬ 
trum  directly  to  the  solar  spectrum,  while  Heyden,  Kiess, 
and  Kiess  used  the  Moon  for  a  spectrophotometric 
comparison. 

The  3-color  photoelectric  measures  of  Harris  (Ref  7) 
show  that  the  U-B  color  of  Venus  is  0"'.55  more  red  than 
the  solar  U-B  value.  In  fact,  all  the  planets  and  satellites 


observed  by  Harris  have  U-B  greater  than  0'''.I4,  the 
value  assumed  for  the  Sun  from  observations  of  other 
C2V  stars. 

On  the  basis  of  a  low  ultraviolet  albedo  alone,  there 
would  seem  little  justification  for  tbe  necessity  of  nitrogen 
tetroxide  (Na04)  absorption  in  the  blue  and  near¬ 
ultraviolet  regions  of  the  Venus  spectrum,  as  suggested 
(Ref  1).  Venus  actually  reflects  relatively  more  ultravio¬ 
let  (A,/' s;  3500  A)  light  with  respect  to  the  visual 
(\e/i  ~  5500  A)  than  our  Moon  (Ref  7),  in  contradiction 
to  the  spectrophotometric  result  of  Heyden,  Kiess,  and 
Kiess.  Ganymede  (J  III)  is  an  excellent  match  for  Venus 
in  both  geometric  albedo  and  color,  yet  atmos¬ 

pheres  are  not  observed  on  our  Moon  or  Ganymede. 
Moreover,  Kaplan  (Ref  5)  has  noted  a  dissimilarity 
between  the  Venus  spectrum  and  the  absorption  spec¬ 
trum  of  nitrogen  tetroxide. 

In  1953  Kozyrev  (Ref  6)  found  2  discrete  absorption 
bands  in  the  violet  region  of  the  Cytherean  spectrum 
at  A  4372  and  A  4120  A.  Neither  Richardson  (Ref  8)  nor 
Heyd  .u,  Kiess,  and  Kiess  were  able  to  confirm  the  pres¬ 
ence  of  these  bands  when  they  compared  the  Cytherean 
spectrum  to  that  of  the  Moon.  Therefore,  a  search  through 
the  Mount  Wilson  Observatory  plate  files  was  made 
and  8  suitably  exposed  and  widened  100-inch  coud^ 
spectrograms  were  traced  in  the  blue  region  near  A  4372  A 
with  the  Mount  Wilson  microphotometer.  The  exposure 
dates  and  phase  angles  for  the  Venus  plates  are  given 
in  Table  1;  lunar  spectrograms  coude  1004  and  896  were 
photometered  as  comparisons.  Tbe  linear  dispersion  was 
about  3  A/mm  at  Hy,  thus  the  resolution  is  an  order  of 
magnitude  superior  to  Kozyrev’s. 

The  tracings  of  Venus  and  the  Moon  are  similar  in  the 
A  4372  A  region;  the  absorption  band  found  there  by 
Kozyrev  is  not  present  on  the  8  Venus  spectrograms 
listed  in  Table  1.  A  dip  of  5X  would  probably  be  detected 
on  the  tracings,  and  a  band  with  a  sharp  head  would 
have  to  be  very  shallow  to  avoid  detection.  It  was  con- 


Teble  1 .  Leg  of  the  Venus  spectregrems 
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eluded  that  the  A  4372  A  band  is  absent  from  the  Cyther- 
ean  spectrum,  at  least  for  phases  greater  than  50  deg. 

b.  Jupiter.  The  faintness  of  the  Jovian  continuum  in 
the  blue  and  near-ultraviolet  noted  by  Kiess,  Corliss,  and 
Kiess  (Ref  2)  and  also  observed  by  Heard  (Ref  9)  with 
lunar  comparisons  is  probably  not  the  usual  case.  The 
photoelectric  colors  of  Jiipiter  quoted  by  Harris  show 
that  during  his  observations  Jupiter  reflected  relatively 
more  ultraviolet,  with  respect  to  the  visual,  than  our 
Moon.  Several  calibrated  medium-dispersion  spi'ctro- 
grams  were  obtained  of  Jupiter  and  the  Moon  on  April 
28,  1961  at  the  Kitt  Peak  National  Observatory.  The  bine 
and  near-ultraviolet  regions  to  about  A  .3.500  A  wer«“  not 
depressed  compared  to  the  lunar  s|i«‘ctrum. 

Photometric  tracings  were  also  made  of  a  set  of  uneali- 
brated  medium-dispersion  Lick  spectrograms  of  Jupiter 
and  the  Moon  taken  in  1936  and  19.37  with  the  Crossley 
reflector.  One  spectr<»gram  of  Jupiter  exposed  on  July  4. 
1937  showed  a  broad,  shallow  absorption  dip  from  about 
A  3900  to  3500  A;  other  Jovian  spectra  had  slightly  weak¬ 
ened  ultraviolet  continua  compared  to  the  M(M)n.  Tlie 
lunar  spectrogram  was  taken  at  about  the  same  air-mass 
as  the  Jovian  spt'ctrograms,  but  on  another  night.  Since 
the  sp«»ctrograms  were  not  e.xiiosed  simultaneously,  tlws** 
observations  should  be  giv<>n  low  weight.  Still  it  is  pos¬ 
sible  that  the  a'mosphere  of  Jupiter,  or  a  portion  of  it, 
undergoes  definite  changes  which  aflFect  the  ultraviolet 
continuum:  Harris’  compilati<»n  of  photi»metric  observa¬ 
tions  of  Jupiter  (Ref  7)  indicates  a  variability  of  the 
V(1,0)  value  on  a  long  time  scale. 

A  systematic  patrol  program  of  ultraviolet,  blue,  yel¬ 
low  (UB\0  photometry  and  photoelectric  siKctral  scans 
seems  necessary  to  clarify  the  possibility  of  Jovian 
variability. 

2.  Atmotphwk  Entry 

Presently  conc-eived  spac'ecraft  may  incorporate  a  cap¬ 
sule  that  will  enter  the  atmosphere  of  Mars  and  Venus. 
The  instruments  aboard  this  capsule  will  provide  the 
first  on-site  data  from  these  planets,  and  should  answer 
some  of  the  questions  that  now  exist  CHmeeming  the 
environment  of  those  planets.  Most  of  this  information 
will  be  directly  applicable  to  the  design  of  future  soft 
landing  vehicles  and  contribute  to  a  planned  evolution 
of  our  exploration  of  Mars  and  Venus.  Because  more  is 
known  of  Mars  than  Venus,  the  configuration  of  the 
scientific  package  is  different  for  each. 

a.  Venus.  The  known  facts  regarding  V'enus  are: 
(1)  There  is  a  large  amount  of  CX).  present  in  the  atm(»s¬ 


phere.  (2)  Atmospheric  temperature  extremes  range  from 
200"K  to  greater  than  600°K,  the  latter  probably  being 
at  tbe  planetary  surface.  The  surface  pressure  is  estimated 
to  be  as  high  as  100  atm.  Thus  the  spacecraft  environ¬ 
ment  may  be  extremely  severe  for  even  unmanned 
vehicles,  and  it  is  extremely  important  to  know,  as  soon 
as  possible,  what  precise  design  goals  should  be  given 
for  subsequent  missions.  The  problem  of  location  and 
origin  of  the  high  temperature  is  probably  the  most 
interesting  problem  of  planetary  science,  exclusive  of  the 
problem  of  extraterrestrial  life. 

With  these  considerations,  a  Venus  capsule  would  be 
worthwhile  if  it  could  measure  the  temperature  and  pres¬ 
sure  profiles  of  the  atmosphere.  Preliminary  studies  of  a 
Venus  capsule  capabilitv  indicate  the  following  specifi¬ 
cations  for  instruments:  (1)  pressure  dynamic  range 
(2  sensors)— 0  to  20  utm  and  0  to  1000  atm;  (2)  temperature 
dynamic-  range— 200  to  700°K;  (3)  accuracy— ^th  5X; 
(4)  data  rate— less  than  1  bit/sec  total;  and  (5)  weight  of 
sensors— less  than  2  lb  total.  Transducers  to  perform 
these  mc^asurements  are  readily  available.  The  problem 
of  hi-ight  measuremcmt  is  more  difficult  and  has  not  been 
adc'qiiately  solved.  The  capsule  should  also  include 
dewitrs  to  report  on  the  behavior  of  the  capsule  during 
the  re-emtry  phase  from  which  upper  atmospheric  param- 
etc>rs  c-ould  be  d(*duced. 

b.  Mars.  Knowledge  of  Mars  is  more  extensive;  there¬ 
fore,  many  physical  parameters  of  the  atmosphere  and 
surfac-e  are  known  well  enough  to  permit  predicting  the 
ix-rformance  of  the  capsule  and  instruments  in  the 
Martian  environment.  Here  the  primarv  problem  is  to 
collect  data  that  answers  the  fundamental  question  of 
whether  there  is  or  is  not  extraterri'strial  life. 

Studies  are  being  made  of  capsule  instrumentation 
packages.  At  present,  the  experiments  to  be  included  on 
a  capsule  are; 

(1)  Fields  and  jMrticles.  Instrumentation  to  investigate 
the  radiation  belt  and  magnetic  field  of  Mars  may 
include  a  3-axis  fluxgate  magnetometer  and  simple 
radiation  detectors. 

(2)  Upper  atmosphere.  An  attempt  will  bo  made  to 
measure  the  scale  height  of  the  upper  atmosphere. 
Tliis  will  be  done  by  using  an  acx-elerometer  to 
measure  the  maximum  deceleration  of  the  capside. 
Even  from  an  aerodynamically  calibrated  capsule, 
it  is  uncertain  whether  it  is  possible  to  infer  the  scale 
height  from  this  I  measurement.  Any  measurement 
of  upper  atmospheric  parameters  is  difficult  be¬ 
cause  of  the  disturbancr  in  capsule  environment 
during  the  entry  maneuver. 
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(3)  Atmospheric  thermodynamics.These  measurements 
include  pressure  and  temperature  profile,  specific 
gas  constant,  ratio  of  specific  heats,  and  density 
of  the  atmosphere.  Available  instrumentation  to 
accomplish  these  measurements  are  thermistors, 
barometers,  and  sound  velocity  tubes.  To  provide 
the  necessary  height  information,  the  feasibility 
of  incorporating  an  altimeter  is  being  investigated 
to  measure  altitude  to  an  accuracy  of  ±:250  ft  at 
30,000  ft. 

(4)  Atmospheric  composition.  Several  instmments  are 
under  investigation  to  measure  chemical  com¬ 
position  of  the  atmosphere.  These  are  the  gas 
chromatograph,  mass  spectrometer,  solar  infrared 
or  ultraviolet  radiometer,  and  instruments  designtKl 
to  detect  the  amount  of  a  single  component. 

(5)  Bioloffy.  At  present  it  seems  impossible  to  instru¬ 
ment  a  meaningful  biological  experiment  that  will 
operate  only  prior  to  impact  with  the  surface. 
This  is  because  these  experiments  need  a  long 
operating  time  (growth  experiments)  and  a  soil 
sample.  Specific  experiments  under  consideration 
are  growth  experiments  and  a  device*  that  samples 
several  biologically  important  characteristics  of  tlx* 
Martian  surface. 

3.  Ultraviolet  Spadramatar 

The  following  ultraviolet  spectrometer  design  may  have 
possible  applications  in  future  space  projects.  The  origi¬ 
nal  scientific  mission  intended  to  look  at  both  the  visible 
and  the  ultraviolet  adiation  from  the  planet  Venus  at 
intensities  ranging  from  day-side  cloud  scatter  down  to 
night-side  after-glow.  The  night-glow  was  made  difficult 
to  see  by  close  proximity  to  day-side  radiation  3  or  4  deg 
off  axis. 


Figure  1  and  Table  2  show  the  aspects  of  Venus  during 
approach.  Spectral  data  is  started  at  4  hr  before  closest 
approach,  when  the  spacecraft  is  approximately  100,000 
km  from  Venus.  The  planet's  angular  radius  is  3.5  deg; 
and  the  Sun  is  approximately  63  deg  off  the  telescope 
axis.  The  telescope  axis  is  offset  2  deg  toward  the  dark 
side,  and  scans  up  and  down  a  line  tilted  15  deg  to  the 
terminator. 

Under  ordinary  conditions  a  telescope  is  not  subject  to 
interference  from  light  sources  outside  its  field  of  view. 
However,  spectral  features  of  interest  on  the  night  side 
of  Venus  are  as  much  as  10‘  less  intense  than  the  day-side 
visible  light.  When  the  telescope  is  pointed  at  the  night 
side,  the  bright  off-axis  source  scatters  interference  from 
every  baffle  blade  and  optical  surface.  Table  3  lists  the 
expected  brightness  of  various  wavelengths  of  interest. 
Note  that  5500  A  mid-visible  green  light  from  the  day-glow 
has  a  brightness  of  9  X  10*  Rayleighs  compared  with 
night-glow  brightness  of  0  X  10*  Rayleighs  at  5500  A, 
and  7  X  10’  Rayleighs  at  3000  A  (near  ultraviolet). 


lie  2.  Range  vs  angular  radius  ef  Venus 
during  enceunter* 
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Figure  1 .  Venus  aspects  and  UV  spectrometer  field  of  view 
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Table  3.  Venui  surface  brightness  vs  wavelength 
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Figure  2.  Engineering  prototype  ultraviolet 
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tion  and  synchronous  detection  are  used.  Light  intensity 
data  is  taken  from  the  cathode  voltage  level.  Near- 
logarithmic  compression  results  because  the  phototube 
voltage  varies  as  the  log  of  light  intensity  when  current 
is  held  constant.  The  intensity  signal  is  sampled  c-very 
5  A  and  digitized  to  6  hits. 

Crating  drive  control.  The  grating,  gear  train,  and 
cam  follower  (Fig  5)  are  driven  by  a  stepping  motor. 
DC  is  controlled  in  the  motor  windings  by  countdown 
and  logic  circuitry.  A  stepping  motor  has  the  advantages 
of  operating  on  dc  power,  allowing  precise  speed  con¬ 
trol,  starting  and  stopping  instantly  without  coasting. 
The  motor  is  started  by  external  pulse  command.  It  is 


stopped  by  a  signal  from  the  magnetic  code  wheel  when 
it  reaches  home  position.  After  1  start-stop  cycle,  the 
grating  stops  in  the  proper  position  to  begin  its  next 
scan.  During  spacecraft  boost  and  cruise,  the  cam  fol¬ 
lower  is  lifted  off  the  cam  and  held  rigidly  in  a  lubricated 
track  so  it  will  survive  shake. 

Fiducial  coding  system.  A  2-track  magnetic  code  wheel 
(Fig  5)  is  geared  to  the  cam.  Magnetic  Head  1  picks 
up  the  home  position  signal  which  stops  the  motor  drive. 
Magnetic  Head  2  reads  the  fiducial  code  which  identifies 
grating  position;  this  is  especiall>  important  during  inter¬ 
mittent  telemetry  reception.  One  scan  hrom  1200  to 
4200  A  prox'ides  640  samples.  Each  7-bit  sample  has 


Figur*  4.  UltravioUt  datactor 
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FIDUCIAL  CODE  OUTPUT 

injinru" 


Nfwro  S.  MhravMtt  inilins  drivs  and  coding  •ytlom 


6  bits  for  intensity  and  1  bit  for  fiducial  code.  The  code 
positively  identifies  position  if  15  or  more  consecutive 
data  samples  are  received. 

Calibration.  Inflight  calibration  is  desirable  after  the 
vibration  of  boost  and  the  effect  of  space  vacuum  for 
4  months.  Just  before  the  telescope  opens,  the  instrument 
scans  a  built-in  tungsten  lamp  for  intensity  calibration 
and  a  gas  discharge  lamp  for  spectral  line  identification. 
The  lamps,  built  into  the  cover,  move  out  of  the  field 
of  vies,  'vhen  the  cover  opens. 

b.  Future  etudiei. 

Solar-blind  ultraviolet  detector.  The  incorporation  of  a 
photomultiplier  which  would  respond  to  ultraviolet,  but 
not  to  visible  light,  would  help  solve  2  critical  problems; 
(1)  mixing  of  high  intensity  visible  light  into  the  low 
intensity  ultraviolet  because  of  grating  and  optical  scat¬ 
ter,  and  (2)  need  for  10"  attenuation  at  4  deg  off  the 
telescope  axis.  Recent  improvements  have  been  made 
in  the  manufacture  of  solar-blind  ultraviolet  photo¬ 


multipliers.  The  new  detectors  are  not  interchangeable, 
however,  and  must  be  designed  into  the  instruments  and 
tested. 

Gratings.  More  study  is  being  given  to  increase  grating 
efficiency  and  reduce  unwanted  scatter.  High  steriliza¬ 
tion  temperatures  will  likely  rule  out  replica  gratings 
entirely.  New  sources  of  original  gratings  with  good 
ultraviolet  reflectivity  will  be  needed. 

Space  lubrication  and  evaporation.  Vacuum  chambers 
are  needed  that  are  capable  of  holding  the  entire  instru¬ 
ment  near  space  vacuum. 

Optical  blacking.  A  good  black  surface  is  needed  which 
will  not  evaporate  or  change  properties  in  4  months. 

Telescope  construction.  The  original  method  of  mak¬ 
ing  baffles  was  to  cut  or  sharpen  the  edges  of  individual 
blades  and  to  weld  or  rivet  the  individual  blades  into  a 
herringbone  pattern.  Figure  6  shows  the  blades  at  the 
telescope  entrance.  Experiments  are  underway  to  pro¬ 
duce  a  series  of  sharp-edged  grid  plates  by  chemical 
etching  which  will  be  lighter  and  easier  to  fabricate. 
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Figure  6.  Enfronct  of  ultraviolol  tpoctremotor 
toUscopo  with  baffle  blades 


C.  Spacecraft  Secondary 
Power 

I .  Solar  Concentrator 

As  was  rj'portcd  in  SPS  Jl’l,  is  at  (inn  as  Ict  liiiiial 
■Monitor  ot  a  NASA  t'ontract  witli  l'',lfftro-()i)tifal  S\s- 
tfins  (I'lOS),  Int'orporalctl,  on  a  ri'scartli  anti  tlfsclop 
nient  program  to  iiiNcstif'atc  t('('lini(pi('s  for  iahritatiiiK 
lil'litwcij'lil,  efficient  solar  eoneeiilratois  lor  space  appli¬ 
cations.  InvesliKations  have  led  (o  the  lahriealion  of  a 
nninher  of  mirrors  which  were  evahiated  l>oth  hv  Jl’l- 
and  l']()S.  The  constriietion  of  a  water  How  ealorimetei 
which  is  used  in  the  evahialion  program  at  Jl’l  .  was 
descrihed  in  S/’S  The  icsolts  of  effieienev  ineasnre- 
rnents  performed  on  the  first  .l-lt  diameter,  niekle  electro- 
formed,  solar  eoneentrator  delivered  to  Jl’l ,  were  repoited 
in  S/'S  'i7-/(l.  d'his  eoneentrator  was  environmcntallv 
tested  at  jl’l,  and  the  results  leported  in  S/’S  .{7  //, 


Two  ()0-in.  concentrators  liave  l)een  delivered  to  JPL 
and  are  nnderKoinn  performance  tests  jrrior  to  environ¬ 
mental  testing.  One  is  a  nickel  electrolormed  concentra¬ 
tor,  the  other  a  copjrer  electrolormed  concentrator. 
Hardness  of  the  skin  in  the  copper  concentrator  is  as 
expected,  hot  lack  of  agitation  in  the  electrolyte  bath 
has  produced  nnevenness  and  blisters  on  the  back  of  the 
mirror.  These  blemishes  show  thi'onnh  on  the  prime 
snriaee  ui\  in«  it  an  orani'e  peel  appearance.  Reflectivity 
of  the  prime  snriaee  also  suffered,  because  during  part¬ 
ing  Irojji  the  master,  parts  of  the  sensiti/inn  silver  film 
adhei'ed  to  the  master.  I•’m■ther  investigation  will  be 
IH'i'lormcd  on  copper  eleeti'olorrns  concerning'  electro- 
Ivte  bath  agitation,  siiue  this  determiiK'S  the  (piality  of 
the  coppiT  deposit  and  its  distribution  (thieknessi  alonn 
th<’  loll  concentrator  surface. 

2.  Thermionic  Conversion  System 

The  solar  energy  thermionic  (.Sl'71')  conversion  system 
under  deva-lopment  at  l•■()S  and  Thermo  Klectron  Enni- 
necriiiK  ( lorpoiation  (TIT.'i,  has  been  described  in  SPS 
37  /(1  and  -//.  Work  on  the  initial  fi-month  phase  of  this 
project  was  completed  in  November  19fil  as  scheduled; 
however.  ;ill  of  the  initi;il  objectivi's  were  not  achieved. 
I-'.OS  l.d>ricated  a  tot;tl  of  six  .>ft  (li;imeter  parabolic  con- 
centiators  during  this  period  and  Ims  delivered  2  of  tlu-sj* 
to  Jl’l,  for  performance  evaluation.  .\  mock  SET  type 
(lenciator  is  shown  (Eius  7  and  8)  att;ichcd  to  Concen¬ 
trator  J\l-l  l.  Einme  7  shows  the  thermionic  m'ncrator 
in  the  launch  confiunr;ition.  TIk'  Kenerator  would  lx* 
.ictnated  to  the  ))osition  shown  in  Eimirc  S  onc«'  in  space. 

'IT.C  h;is  l;ibric.ited  and  tested  a  total  of  10  SET  type 
converters  dnrimi  I’hase  I  of  the  develo]>ment  program. 
The  initi.d  converter  to  be  electrically  tested  failed  after 
.ipproxim.itcly  20  hr  of  o|iciation.  One  later  converter 
oper.ited  0.")0  hr  ;it  relativelv’  constant  output.  .\  sudden 
decreasi’  in  ontimt  occurred  at  fi.’rO  hr  and  the  converter 
output  went  to  0  after  OfiO  hr.  .\nother  converter  of  this 
tvix'  o|)erated  lor  S.")0  hr  without  fiiluie;  howawer.  the 
power  outptit  of  this  unit  was  from  10  to  15V  less  after 
8.50  hr.  .\  irroj;ram  for  continned  S1',T  development  is 
beim'  lormnhited. 

a.  T/trrmiimic  riwrf'i/  converter.  The  basii-  confimira- 
tion  and  materi;ds  of  the  SE,T  thermionic  converter  are 
show  II  in  I'iitnre  9.  The  emitter  (1)  and  thin  walled  tan- 
talnm  spacer  (  I)  ;ue  machined  from  rod  material  resulting 
in  a  1-picce  construction.  The  emitter  are;i  is  2.(X)  cm' 
and  the  sjvacer  wall  thii'kness  2..'1  mil.  The  radiant  and 
coudnetion  heat  tiansler  along  the  s|iacer  ai'connts  lor 
most  of  the  extianeous  heat  loss  in  the  SET  convci'ter. 
Rupture  of  the  thin  walled  sjiacer  has  been  the  major 
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Figurt  7.  SET  system  with  thermionic  generator 
in  launch  position 


Figure  8.  SET  system  with  thermionic  generator 
in  operating  position 


t  ausc  of  (onscrlcr  fuiliiro.  Tlu-  collec  tor  face  is  tantalum 
l»ra/t><l  to  a  inolylxlcnnm  collc'ctor  IxkIv.  Nominal  opc'r- 
alinn  tcmix'raturc's  arc: 

Kmiltcr  fact'.  K; 

Oollci'lor  face.  K:  W.'jt). 

Alniiiina  seal.  K:  'S.5()  to  tXK), 

(Icsinin  reserxoir.  K:  6(K)  to  6.50. 

Ts  pical  |X'rforinancc  cliaractcristics  of  9  cxpcrimi-ntal 
set  coincrtiTs  fahricatt'd  during  Phase  1  arc  shown  in 
Tahlc  1.  The  results  of  life  tests  on  these  converters  arc 
show  n  in  l•'i,^nre  10.  The  converter  design  obji-ctivc‘  for  the- 
lO-inontli.  2-iihase,  de\ clopinent  program  was  14.4  w  cm- 
electric.d  power  density  at  an  output  of  1.00  v  and  1980  K 
emitter  temperature.  The-  performanco  of  Converter  Mb 
was  12.0  w  /cm  at  l.(K)-\  output  and  2(XX)  K  cMiiittcT  tc'm- 
peratiire  and  was  greater  than  80')  of  the  dc.sij;n  obje-ctivc. 
llowex'er.  (axiscrter  lib  failed  after  20  hr  operation.  The 
tuuf'sten-nx)lybdenum  combination  usc-cl  in  Conserter  lib 
was  not  continued  iu  the  later  c'onverters.  Tantalum- 
molybdenum.  aiul  fin.dly  t)uitahuu-t)intalum.  was  substi¬ 
tuted  iu  au  attempt  to  improve  the  operational  lifetime. 
Converter  \'a  oiXTiited  8.50  hr  witlxmt  failure;  however, 
only  6.0  w/ein'  electrical  power  density  at  l.(X)  v  aiul 
1980  K  emitter  temperature  was  obtaiix'd.  The  current 
\s  \oltane  characteristics  ol  I  lype-N'  convertc'rs  are 
shown  iu  binure  11. 
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Table  4.  SIT  convorter  alacMcal  performanca 


DocMcel  OaleM 
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lib 
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MO 
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TA 

MO 
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IVc 
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TA 
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Vo 

6.0  01 1900 

TA 

TA 
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2.) 

Vb 
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TA 

TA 

601 

2.) 

Ve 

6.0  01 1900 

TA 

TA 
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2.5 

Vd 

5.5  at  1900 

TA 

TA 

640 

2.5 

TI-I 

5.5  01 1900 

TA 

TA 

640 

2.5 

b.  Solar  conctatratorr.  The  performance  of  SET  con- 
centraton  fabricated  in  Phase  I  is  shown  in  Figure  12. 
The  measured  efficiency  of  concentrator  JM-l-l  was  82S 
with  a  0.5-in.  cavity  aperture  diameter.  The  10-month, 
2-phase  development  program  design  objective  was 
approximately  83S  with  the  0.5-in.  cavity  aperture 
diameter.  Concentrator  JM-1-2  was  measured  with  the 
silver  sensitizing  surface  uncoated.  The  silver  surface  is 
normally  overcoated  with  vacuum  deposited  aluminum. 
The  reflectance  of  the  silver  surface  as  measured  with  a 
water  flow  calorimeter  was  greater  than  915.  The  ^- 
dency  with  a  0.5-in.  aperture  diameter  was  89S.  However, 
it  is  not  anticipated  that  silver  surfaces  can  be  utilized  on 
practical  concentraton  since  the  reflectance  of  silver 
degrades  due  to  atmospheric  exposure. 


Figure  10.  Results  of  life  tests  on  SET  thermionic 
converters 


II*  WWWHo  W  vV^MI^v  Vv 

Va,  Vc,  and  Vd 


Figure  12.  Wficioncy  moaswonionts  on  SIT 
concontrotors 


Figure  13.  SIT  Concentrator  JM- 1-1 
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Concentrator  JM-1-1  (Fig  13)  successfully  withstood 
low  and  high  frequency  vibration  at  the  Ranger-type 
approval  level  for  subsystems.  Specific  weight  of  the  5-ft 
diameter  nickel  concentrator  is  approximately  1.0  lb/ft“. 


D.  Engineering  Mechanics 

I.  Energy  Absorbing  Sfruefurot 

As  stated  in  RS  36-5,  there  was  a  need  for  a  program 
(analytical  and  experimental)  to  determine  the  crushing 
stress  of  metallic  honeycomb  structures  and  the  param¬ 
eters  controlling  this  stress. 

The  analytical  program  has  b(‘en  completi'd.  The 
analysis  was  approximate,  assuming  a  rigid-plastic  mate¬ 
rial  and  applying  limit  analysis  techniques  to  obtain 
upper  and  lower  boundaries  on  the  cnishing  stress.  The 
resulting  expression  yielded  the  parameters  that  control 
the  crushing  stress  and  their  relative  significance*. 

The  parameters  of  primary  interest  are:  (1)  yielfl 
strength  to  density  ratio  of  the  material,  (2)  stnictural 
density  of  the  cellular  array  (i.e.,  wall  thickm>ss  to  cedi 
diameter  ratio),  and  (3)  geometrical  configuration  of  the 
cellular  array. 

The  yield  strength  to  material  density  ratio  is  .subject 
to  the  limitation  that  the  material  should  not  be  brittle, 
but  have  sufficient  ductility  to  deform  without  fracturing. 
Experience  has  shown  that  materials  with  uniaxial  elonga¬ 
tions  of  approximately  8  to  10*  or  greater  are  satisfactory. 
In  addition,  for  optimum  response,  a  material  with  a  near 
rigid-plastic  stress-strain  curve  response  is  de.sirable. 
Assuming  these  2  limitations,  the  greater  the  yield 
strength  to  material  density,  the  greater  the  structural 
crushing  stress. 

The  structural  density,  or  ratio  of  cell  wall  thickness  to 
cell  diameter,  is  a  parameter  whose  optimisation  dep«’nds 
on  fabrication  techniques  to  a  limited  extent.  The  greater 
this  ratio,  the  greater  the  crushing  stress;  however,  it  has 
been  found  that  there  is  a  maximum  density  at  which  the 
structure  will  no  longer  collapse  in  a  uniform  manner,  but 
fail  in  a  lower  energy  mode  (Fig  14). 

The  geometrical  configurations  of  the  cellular  array 
may  be  of  many  types  other  than  the  typical  hexagonal 
cell.  Test  specimens  have  been  fabricated  and  testetl 
utilising  tubular  arrays,  in  iKith  clost  d  pack  and  oi^en 
pack  geometrical  arrays  (Fig  15). 


Results  indicated  that  an  increase  in  crushing  stress 
resulted  in  the  use  of  tubular  arrays  as  opposed  to  hex¬ 
agonal  cell  arrays. 

At  present,  several  e'en  structures  are  being  fabricated 
in  which  the  parameters  have  been  optimised  in  order  to 
obtain  a  hexagonal  cell  structure  with  an  energy  absorb¬ 
ing  property  which  is  maximum  for  this  system.  The 
results  of  tests  performed  on  these  specimens  will  allow 
for  an  evaluation  of  the  analytical  work,  as  well  as  estab¬ 
lish  a  truly  representative  energy  absorbing  value  for  the 
hexagonal  cell  system. 

2.  Bxt9ndabl0  Booms 

An  extendable,  retractable  boom  is  being  obtained 
from  De  Havilland  Aircraft  of  Canada,  Ltd,  it  can 
be  made  of  either  magnetic  or  nonmagnetic  material  and 
may  have  application  in  positioning  experiments  (such  as 
a  magnetometer)  away  from  the  spacecraft. 

The  boom  consists  of  a  metal  strip  heat  treated  to  form 
a  long  tube  when  unrestrained.  Prior  to  extension,  the 
b(H)m  is  storcHl  on  a  reel  as  a  fiat  tape  (Fig  16).  To 
extend  the  tubing,  a  Mylar  tape  (interwound  with  the 
tape  on  the  storage  drum)  is  reeled  onto  its  own  spool 
by  a  motor-drive  gear  train. 

The  enaction  unit  is  a  self-c'ontained  package  complete 
with  power  supply  for  extending  the  antenna  length  to 
the  automatic  power  cutoff  point.  Early  units  put  out  an 
antenna  of  fix(>d  length  using  either  a  de-clutching  device 
or  a  tripped  cam  for  shiitting  off  the  drive  motor.  More 
recent  designs  can  meter  out  several  precise  lengths  and 


Figure  14.  Nenuniform,  low-energy-mode  failure 
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nitrate  salt.  At  ucid-to-salt  ratios  of  1.50  to  1.80,  this  pro¬ 
pellant  exhibits  suitable  physical  properties  along  with  a 
theoretical  equilibrium  flow  speciflc  impulse  of  255  to  259 
sec  (depending  on  acid-to-salt  ratio)  at  1000-psia  chamber 
pressure  expanded  to  atmospheric  pressure. 

Additional  theoretical  performance  data  has  been  com¬ 
piled  during  this  reporting  period.  Calculations  were 
made  for  solutions  cxintaining  2%  water,  since  the  mono¬ 
propellant  is  normally  prepared  from  as  received  Cavea-B 
salt  and  commercial  grade  white  fuming  nitric  acid;  each 
component  contains  a  small  amount  of  water,  so  the  mix¬ 
ture  normally  contains  from  1  to  2X  water.  The  informa¬ 
tion  was  obtained  on  an  IBM  7090  computer  utilizing  a 
modified  Aerojet  program.  Table  5  is  a  compilation  of 
theoretical  characteristic  exhaust  velocities  c*;  Figures  17, 
18,  and  19  are  plots  of  the  theoretical  vacuum  specific 


Table  5.  Effect  of  water  upon  the  theoretical 
performance  of  Cavoa-B,  equilibrium  flow 
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EXnaNSION  RATIO  « 

Figure  17.  Theoretical  vacuum  performance  of  Cavea-B, 
equilibrium  flew,  p,.  =  50  psia 


impulse  as  a  function  of  expansion  area  ratio  t,  for 
both  1.50  and  1.72  acid-to-salt  ratio  propellants  for 
chamber  pressures  of  50,  150,  and  300  psia.  Curves  are 
shown  for  anhydrous  solutions  as  well  as  for  those  con¬ 
taining  2%  water.  Figure  20  presents  combustion  products 


Figure  1 B.  Theoretical  vacuum  performance  of  Cavoa-B, 
equilibrium  flow,  Pr  s  1  SO  peia 


Figure  19.  Theoretical  vacuum  performance  of  Cavea-B, 
equilibrium  flow,  p,  s  300  psia 
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Figure  20.  Chembur  molu  fraction  of  various  combustion 
products  as  a  function  of  Cavoa-B  ocid-to-salt 
ratio,  p,  s  300  psia 


as  a  function  of  acid-to-salt  weight  ratio  for  tiu-  .3(K)-psia 
chamber  pressure  ease-,  assuming  anliydrous  monopro- 
IK'llant. 

Experimental  investigations  to  date  reveal  that  efficient 
monoproprdlant  combustion  of  this  proiH'llant  d«*pends 
strongly  upon  several  factors,  including  combustion 
chamber  pn*ssure,  degr»-e  of  atomization,  combustion 
chamber  gas-side  wall  temperatun-,  and  resid«'nce  time. 
At  the  100-lb-thrust  level,  and  at  .3(X)-psia  ehamber  pres¬ 
sure,  it  has  been  necessary  to  utilize  fairly  high  inj«*ctor 
pressure  drops  (greater  than  1(X)  psid),  ceramie  insulat«*d 
chambers,  and  chamber  characteristic  U-ngths  I',  in 
excess  of  1(X)  in.  in  order  to  obtain  high  p<‘rcentag*'S  of 
theoretical  specific  impulse  as  well  as  stable  eombii.stion. 
Two  types  of  injectors  have  been  utilized:  the  impinging 
stream  type,  composed  of  multiple  like-on-likc'  doublet 
elements,  and  the  multiple-spray  type,  i'ompo.s«'d  of  either 


4  or  8  atomizing  spray  nozzles.  SPS  37-10  contained  per¬ 
formance  results  of  the  impinging  stream  injector  and 
SPS  37-12  contained  complete  results  obtained  with  the 
4-spray  configuration. 

An  evaluation  of  the  8-spray  injector  was  completed 
during  this  rc*porting  period.  It  was  expected  that  the 
more  uniform  mass  distribution  per  unit  of  chamber 
cross-.sectional  area  and  the  better  atomization  provided 
by  8  individual  spray  no:zzles  would  provide  more  stable 
combustion  at  lower  //  values  than  provided  by  the 
4-spray  configuration.  Little  improvement  was  noted, 
however.  It  was  again  necessary  to  utilize  a  characteristic 
hmgth  of  approximately  165  in.  in  order  to  obtain  high 
performanci'  (r*  5(XX)  ft  sec)  and  avoid  severe  low 

frequency  instability.  At  an  L'  value  of  165  in.  and  a 
ehamber  pr<-.ssure  of  300  psia,  pressure  fluctuations  were 
^^18  psi  (  *-67)  when  an  injector  pressure  drop  of  140 
psid  was  utilized.  A  change  of  spray  nozzle  sizes,  to  pro¬ 
duce  a  pressure  drop  of  110  psid  at  the  same  flow  rate 
resultc‘d  in  rough  combustion,  with  pressure  fluctua¬ 
tions  of  150  psi  (  <^507'  Similar,  although  not  as  severe, 
results  were  ohtaini'd  at  an  //  value  of  234  in. 

It  would  app<‘ar  that  the  atomizing  spray-nozzle  injector 
is  satisfactorx'  at  a  ri-asonable  /,*  only  if  it  is  possible  to 
provitle  a  high  injector  pressure  drop  (150  to  350  psid). 
On  the  other  hand,  the  impinging  stream  injector  pro- 
ducc'd  combustion  noise  pressure  fluctuations  of  only  :?-6 
psi  (  ‘  27)  at  an  /.*  of  34  in.  and  with  a  pressure  drop  of 
140  psid.  Tims,  under  the  conditions  of  this  test  program, 
the  impinging  stn‘am  injector  typt*  is  clearly  the  better 
of  tlu*  2  ty|>es  tested. 

2.  Advanced  Liquid  PropuUion  Sysfam 

Tin-  .^dvanceil  Liquid  Propulsion  System  (ALPS)  Pro¬ 
gram  has  been  establislunl  for  the  purpose  of  formulating 
and  demonstrating  solutions  to  problems  in  spacecraft 
{propulsion.  The'  (Program  has  been  organized  to  cxpver 
these  (Problems  in  a  ciHPrdinated  manner  so  that  solu¬ 
tions  are  mutually  eonqpatible  and  suitable  for  practical 
ap(p|icati(pn  in  a  complete  system.  SPS  37-8  through 
37-12  contain  details  of  the  program. 

a.  Engine  development.  Th('  thrust  chamber  f(  ,  the 
ALPS  must  be  catpable  (pf  restart  in  s(Pace,  (pf  Upng  dura- 
ti<pn  firings,  and  (pf  throttled  (P(Perati(pn.  It  is  (Pr(P(P<p.sed 
to  enqploy  a  radiati\a-l\'  c(H)led  thrust  ehamber.  Several 
advantages  which  accrue  from  the  use  of  nonregenera- 
tive  I'ooli'd  chambers  are;  (1)  elimination  of  the  wKPlant 
flow  inadeqiuuA'  at  low  thrust  K’vels  in  a  thnpttlable 
t'ligine,  (2)  elimination  of  (prcpblems  associated  with 
s(pace  st(prage  of  the  li{(uid  lupldup  in  c(p<pling  passages, 
(3)  i'limination  of  (Problems  relating  to  com(patibility  of 
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materials  witli  hot  loolant.  (  I)  rediu  lioii  in  cnf'ine  wei^lil 
line  to  elimination  ot  li(|ni(l  lioliinp.  Presently,  llie  niosi 
promising;  material  appears  to  lie  pv  roK  tie  mapliili-.  'I'liis 
material  can  he  lahrieateil  with  presetit  technology,  has 
an  estremely  hi^h  snhiimation  temperature,  and  has  the 
hijihest  strength-to-wei^ht  ratio  at  elevated  teniperatnres 
of  anv  snhstanee  known. 

Mil'll  'remperatiire  Materials,  Incorporated,  was  ijiveii 
a  hest-ellorts  eontrai  t  to  prodnee  model  si/e  thrust  eh.mi 
hers  ol  free-standin.n  pvroK  tie  ur.iphite.  Sis  KKi  lh  thrust 
and  six  2(KK)-lh-thrnst  ehainhers  were  ordered.  'I'lins  far. 
three  KKIdh-thrnst  ehainhers  .ind  one  2(KMI  Ih-thriist 
ehaniher  have  heeii  accepted 

The  first  of  the  tliri'c  1110  Ih  thrust  eh.mihi'is  laded 
under  hydrostatic  proof  test  .it  100  psii^.  It  is  helii'vi'd 
that  stresses  caused  hv  .i  test  (ivtiire  ()  rim;  se.diiit;  the 
I'haniher  thro.it  eontrihiited  to  the  l.iilme.  In  orilei  to 
eliminate  these  stresses,  (low  mu  nitidi'i'ii  u.is  w.is  used 
(or  siihse(|iient  proo(  tests  The  2'  '  eh.imher  l.S  \  Nl.'itili 
was  siieeessliillv  proof  lestrd  to  I  (  I  psii;.  The  .t  '  eh.imher 
(ailed  in  prool  (est  .i(  I'iO  psiu  It  is  frit  .i  niiniinmn 
prool  pressure  o(  I  (0  psiu  is  te<|iiited  Siiii  e  the  rh.imhels 
are  desiutied  to  he  fired  .it  l.i.')  psiu  \  ie|eeted  <  h.mihei 
whose  itijeetor  (laill'e  vv.is  severelv  i  i.k  ked  w.is  modified 
so  as  to  he  iis.ihle.  'I'his  i  h.iinhi'f  iS  \  M.Vi'h  w.is  siii 
eessfnilv  proof  tested  to  III  psit;,  l''iume  21  shows  a 
l(K)-lh-thrnst  pvrolvtii  ur.iphite  eh.mihei 

rhe  \1.PS  100  III  thriist  pvioivtii  uia|>liili'  tliriist 

I'hanihers  ,ire  (iirritillv  heim;  tested  with  the  pro 
pellant  eonihin.ition  NO,  Nil,  The  first  eh.imher 
(S  N  Nf.'iOli  W.IS  filed  on  I  )eeemher  12,  PKil.  ,ind  opei- 
ated  siieeessliillv  (or  the  full  si  hedided  dm.itioii  ol  .10 
see.  rhe  ehaniher  wall  thickness  ,il  the  ihro.il  w.is  .ihont 
O.O'I.')  ill.  and  ahoiil  O.OtiO  in  in  the  i  v  liiidi ii  .il  portion. 
The  injector  used  tor  the  tests  eh.ii.uteiistiealiv  uives 
rather  hiuh  erosion  in  lert.iin  .ire.is  and  pr.ietiealiv  no 
erosion  in  other  areas.  In  reuioii  ol  m.ivimmn  erosion 
there  was  a  0,01  I  in.  rediietion  o(  wall  thiekness  at  the 
throat  and  0.012  in.  ne.n  the  injeetor.  I'liere  was  no  nie.is- 
mahle  erosion  over  a  larue  |)oition  o(  the  throat.  Oinside 
vv.dl  temperatures  were  iiie.isured  with  thermoeoiiples 
which  were  sprint;  loaded  auainsi  the  eh.imher.  These 
thermocouples  iiidiiated  teniper.iliires  ol  ahoiil  2(KH)  K 
and  appeared  to  reach  stcadv  st.ite  in  ahoiit  .'fO  sec.  Pre 
liiuinarv  heat  transicr  (  alculations  indic.ite  that  the  inner 
wall  lenipcratiires  were  on  the  order  ol  .'k'iOO  I'.  Nilroueli 
Uas  was  (lowed  around  the  outside  of  the  chainher  in 
order  to  niinnin/e  oxidation  ol  the  outside  wall,  Poslimi 
ineasuremeiils  indic.ite  there  was  ahout  0(K)2in.  rediic 
tion  in  the  outside  di.iineter  ol  the  ehauihei.  The  eh.imhei 


Figure  21.  ALPS  100-lb-lhrusl  free-standing  pyrolilic 
graphite  thrust  chamber 

was  alt.iched  to  the  injector  with  a  u'-'pldte  (lan>;e. 
\  \  iton  O  rinu  was  used  as  a  pressure  seal  hetweeii  the 
inside  siirl.iee  ol  the  pyrolvtie  U'-M’ldtc  ehaniher  and 
the  injector.  The  O-riii);  cli.irred  diirini;  the  firing  hiit 
eonimiied  to  seal.  I'lie  test  setup  for  the  firilit;  is  shown 
in  I'lumc  22. 

This  ch.iniher  w.is  then  rotated  ISO  deU  with  respeit 
to  the  iniector  in  order  to  i;ct  niinimmn  erosion  in  those 
regions  ol  (he  eh.imher  which  were  most  severely  eroded 
in  the  liisl  run.  The  eh.iniher  vv.is  then  sill eesshllly  fired 
.lU.iin  (or  .'iO  sei’. 

'file  ihamher  whose  Halite  had  hei'ii  modified  (S  N 
M.-jlidi  W.IS  fired  on  Deeeinher  IS.  1001.  and  failed  after 
II  see  diirim;  a  lirinu  sehediiled  for  fiO-see  duration. 
Preliinin.irv  data  shows  that  the  f.iiliire  oiiiirred  near 


Figure  22.  Test  setup  of  ALPS  100-lb-thrust  pyrolitic 
graphite  thrust  chamber 
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the  injector,  indicating  the  failure  may  be  related  to  the 
cracked  flange.  No  nitrogen  gas  was  flowed  around  the 
chamber  during  the  run,  but  it  is  not  felt  that  appreciable 
oxidation  occurred  on  the  outer  surface. 

Data  from  these  flrings  are  given  in  Table  6.  Additional 
flrings  will  be  made  with  pyrolytic  graphite  thrust  cham¬ 
bers  as  the  chambers  becrnne  available. 

b.  fropMmt  pwfomtmet  comparison.  A  determina¬ 
tion  was  made  of  the  performance  of  several  hydrazine- 
based  fuels  with  nitrogen  tetroxide  operating  at  a 
diamber  pressure  of  150  psia.  The  data  was  calculated 
on  the  IBM  7000  digital  computing  system  using  the 
Aerojet-General  Corporation  program.  Computation  was 
based  on  shifting  equilibrium  flow  in  the  nozzle  and 
assumed  no  losses  in  either  the  characteristic  exhaust 
velocity  c*,  or  the  thrust  coeflBcient  C^.  The  fuels  con¬ 
sidered  are: 

Hydrazine 

Unsymmetrical  dimethylhydrazine  (UDMH) 

Monomethylhydrazine  (MMH) 

SOX  hydrazine-50X  UDMH  (wt  X) 

Hydrazine  Blend  1  (HB-1) 

06.7X  hydrazine,  4  moles 
23.9X  MMH,  1  mole 
9.4X  water,  1  mole 

Hydrazine  Blend  2  (HB-2) 

73.6X  hydrazine,  4  moles 
26.4X  MMH,  1  mole 

Hydrazine  Blend  3  (HB-3) 

SOX  hydrazine-SOX  MMH  (wt  X) 

Because  impulse  and  density  are  of  primary  concern 
in  the  design  of  a  propukion  system,  some  of  the  com¬ 
puted  performance  was  plotted  in  a  manner  so  that  the 
relationship  between  impulse  and  density  is  displayed 
directly  with  mixture  ratio  as  a  parameter  (Fig  23).  In 
this  figure  the  vacuum  specific  impulse  f.,  at  an  expan¬ 
sion  area  ratio  of  40: 1,  is  plotted  against  deiuity  p,  on  a 


Table  6.  Data  from  tost  firings  of  ALPS* 


dm* 

T*tl 

Chamber 

S/N 

Chamb«r 

prettar* 

P’ , 

Mlahrt* 
ran*  r 
aiWInr/ 
fv*l 
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ItHc 

y*l*(Mr  **. 

fl/MC 

nrinf 

aaraMan, 

•*( 

12-12-61 

106 

M-564 

141 

0.66 

S470 

30 

12-1S-61 

10S 

M-564 

140 

0.66 

— 

30 

12-11-61 

106 

M-563 

140 

1.01 

3460 

44 

*100*lb-thpvtt  fpDD-tfondinv  pyrolytic  propblto  ttirwct  chombors. 


log-log  scale,  so  that  contours  of  constant  p*!,  appear 
as  straight  lines,  with  a  parallel  family  of  contours  for 
each  value  of  n.  The  method  of  presenting  thk  com¬ 
parison  was  based  on  work  described  in  Reference  13. 
Equations  for  the  selection  of  an  appropriate  value  of  n 
for  these  types  of  vehicles  are  described  below. 

In  all  3  types,  the  vehicle  is  accelerated  to  a  high 
velocity,  then  coasts  ballistically  or  aerodynamically.  In 
the  I"  type,  part  of  the  rocket  burnout  mass  is  fixed  and 
the  propellant  volume  is  fixed.  In  the  2**'  vehicle  type, 
part  of  the  rocket  burnout  mass  is  fixed  aixl  the  gross 
mass  is  fixed.  In  the  last  type,  the  gross  mass,  the  length 
and  part  of  the  burnout  mass  are  fixed,  but  the  diameter 
may  vary.  In  the  first  2  cases,  the  purpose  is  to  maximize 
burnout  velocity,  and  in  the  3'"  case,  which  is  based  on 
a  boost-glide  vehicle  concept,  the  purpose  is  to  maximize 
range.  The  equations  for  n  for  these  3  cases  are  shown 
below;  the  derivation  of  the  equations  can  be  found  in 
Reference  13. 

Case  I.  Propellant  volume  and  part  of  burnout  mass 
fixed: 

„  =  ”»/”■■  = _ L_ 

In  (»!„/»»»)  in_JL_ 

1  —  V 

Case  II.  Gross  mass  and  part  of  burnout  mass  fixed: 

In 

Case  III.  Crou  ntass,  length,  and  part  of  burnout  mass 
fixed;  variable  diameter: 

P  I  (w„/Wk)  -if  In  («„/«») 

where 

m„  =  gross  mass  of  the  vehicle 

w*  =  burnout  m-.*-  of  the  vehicle 

Wt,  =  part  of  burnout  mass  which  is  proportional  to 
propellant  volume 

m^..  -  fixed  portion  of  burnout  mass 

m,  =  propellant  mass 

p  -  speed  exponent:  0.6  for  sharp-nosed  missiles, 
0.1  for  blunt-nosed  missiles 

In  Figure  23,  it  can  be  seen  that,  for  any  value  of  n 
shown  on  the  plot,  the  hydrazine-nitrogen  tetroxide  com¬ 
bination  is  superior  to  any  of  the  6  combinations;  i.e., 
the  product  of  p”  and  I,  is  greater  than  that  for  the  other 
combinations. 
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COMBINED  DENSITY  gm/ec 
Pitlira  23.  Omthy-impuhN  comporitwi 


3.  Ciyoftnfc  fropufsion  SytfBin 

a.  Introduction,  Efficient  performance  of  current  and 
possible  future  space  exploration  missions,  depends  on 
the  use  of  propulsion  equipment  of  increasingly  higher 
performance  (exhaust  velocity). 

The  High-Energy  Liquid  Propellant  Research  Program 
has  been  concerned  with  storable  liquid  propellants, 
such  as  N204-N2H4  and  C1F,-N2H4  having  theoretical 
exhau.it  velocities  of  approximately  8300  ft/sec.  Liquid 
propellant  systems  using  oxygen  or  fluorine  as  the  oxidizer 
and  hydrogen  as  the  fuel  have  theoretical  exhaust  veloc¬ 
ities  in  excess  of  11,000  ft/sec  (expanding  to  14.7  psia 
from  300-psia  chamber  pressure).  Various  preliminary 
design  studies  indicate  that  insulation  requirements  asso¬ 
ciated  with  the  use  of  these  cryogenic  propellants  can, 
for  most  missions,  he  satisfied  without  appreciably 
depleting  the  tJerformance  advantage  these  propellants 


have  over  the  storable  liquid  propellants.  Further,  the 
large  tank  volume  required  for  low-density  liquid  hydro¬ 
gen  is  not  a  limiting  factor  in  upper-stage  vehicles, 
although  it  might  be  a  limiting  factor  if  hyc^gen  were 
used  as  the  fuel  in  a  1”  stage  booster. 

Beyond  the  performance  limits  of  chemical  reaction 
rocket  motors,  exhaust  velocities  of  20,000  up  to  64,000 
ft  sec  are  expected  to  be  obtained  using,  in  order:  hydro¬ 
gen  heated  in  a  nuclear  reactor,  electrically-heated  work¬ 
ing  fluids,  plasma  jets,  and  finally,  ion  expulsion  devices. 
Cryogenic  working  fluids  will  be  used  in  many  of  these 
propulsion  systems. 

Because  of  these  considerations,  the  research  program 
has  bt'cn  reoriented  and  renamed  the  Cryogenic  Pro¬ 
pulsion  System  Program  and  the  stand  at  the  Edwards 
Test  Station  which  had  been  u.sed  for  the  recently  com- 
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pleted  CIFa-N:,H4  program  is  being  modified  to  utilize 
cryogenic  propellants. 

The  multiple  objectives  of  the  program  are: 

(1)  To  achieve  an  understanding  of  the  properties  of 
the  cryogenic  fiuids,  especially  oxygen  and  hydro¬ 
gen,  and  of  the  requirements  imposed  by  these 
properties  on  the  materials  and  equipment  used 
with  these  fluids. 

(2)  To  develop  a  competence  in  the  handling,  storage, 
and  transfer  of  the  cryogenic  fluids,  and  in  the 
design,  fabrication,  and  operation  of  components 
used  with  the  cryogenic  fluids. 

(3)  To  obtain  experience  in  the  design  and  operation 
of  LHr-LOi  rocket  motor  systems  in  order  to 
provide  test  and  evaluation  ability  and  engineer¬ 
ing  capability  necessary  for  considering  cryogenic 


propulsion  systems  in  future  JPL  spacecraft  pro¬ 
grams. 

The  program  will  start  with  the  installation  of  cryo¬ 
genic  storage  tanks  and  test  station  equipment  which 
will  enable  experience  to  be  obtained  in  handling  the 
cryogenic  propellants  and  in  the  operation  of  the  com¬ 
ponents  in  cryogenic  systems.  Engine  problems  will  be 
investigated  next.  These  include  the  areas  of  combus¬ 
tion  chamber  fabrication,  injector  design  and  fabrication, 
performance,  combustion  stability,  heat  transfer,  and 
cooling.  As  soon  as  possible,  the  program  will  be 
broadened  to  simulate  and  solve  problems  which  would 
arise  in  the  design  and  operation  of  complete  propulsion 
systems  and  vehicle  stages  using  high  energy  cryogenic 
propellants.  These  problems  include  fluid  metering  de¬ 
vices  and  propellant  utilization  systems,  instrumentation, 
ground  handling  and  loading,  insulation  requirements, 
and  flight-weight  component  development. 


238 


CONFIDENTIAL 


CONFIDENTIAL 


JPL  SPACE  PROGRAMS  SUMMARY  NO.  37-13 


h.  Test  stand  and  faciUty.  Tlic  (.'-stiiiul  area  at  the 
Kdvvarcls  Ti-st  Station  lias  hocn  niodificd  for  tosliiij' 
licjuid  liydrojii'ii-liiiuid  ovygcn  |■o^■k(•t  motors,  'ria-  major 
modifii'ations  and  now  installations  arc  indioatod  in 
FiUnro  24. 

Test  stand.  .\  now  motor  mount,  inoorporatiiiK  a 
fl('xnro-lnnKo  parallolo^ram  linkage,  has  hoon  inslallod 
to  aooommodato  tlio  modifiod  jl’I.  hk  motors  which 
will  ho  nsod  for  tost  jnirposos  (Fi^  2.')). 

Propellant  tanks.  The  ihlorino  Irilhiorido  and  hyilra- 
/.ino  propollant  tanks  havo  hoon  roinovod  ami  roplai'o«l 
hy  now  propollant  tanka^o.  Ia(|ni(l  oxygon  is  snppliod 
from  a  fiO-nallon,  l(KX)-psi  workinn-prossoro  tank  looalod 
in  an  oxistinj;  conoroto-linod  pit  at  iho  north  sido  of  tho 
tost  stand.  'I'ho  oxygon  lank  is  oomplotoK  iminorsod  in 
a  li((uid  nitro)'on  jacket  to  proxcnt  losses;  tho  liipiid 
nitroKon  container  is  insniatod  with  2  in.  ol  spravod-on 
low-donsit\-  poKnrolhano  loam  (I’ij;  2t)i. 

l.i((nid  hydrogen  is  supplied  Irom  a  ')20-Kallon.  lOOO-psi 
workinn-prossnro  tank  \\  hich  is  hu  atod  in  a  m-w  com  roto 
lined  ])it  a  few  h-ot  south  of  tho  tost  stand.  'I'ho  liipiid 
hydroKon  tank  is  iiroxidod  with  a  liipiid  nilro^<-n  pr<'- 
cooling  jacket,  and  tlu'  whole  assomhiy  insniatod  with 
9'-.'  in.  of  spraxed-on  low-donsilx  poixnrothano  loam 

(FiK  27). 


Figure  25.  Flexure  hinge  parallelogram  linkage 
test  stand  motor  mount 


Figure  26.  Liquid  oxygen  run  tank  in 
liquid  nitrogen  jacket 


l.iipiid  Inidrotien  .stora'^e.  .\  12.S,>('allon  liqniil  hydro¬ 
foil  siorafo  lank  is  loc.ilod  hohind  a  barricade  alxnit 
200  It  to  the  oast  and  south  of  tho  tost  stand.  This  tank 
is  xiicmim  jarkoti'd  and  has  a  loss  rate  of  not  inori-  than 
2.0'.  of  lank  capacity  per  day.  .\  xaemnn  jacketed  trans- 
lor  lino  connects  this  storafo  tank  to  tho  hydrofoil  run 
tank  at  the  sl.md  (Fif  2Si. 

iAqnUl  oxi/itrn  .storofie.  .\  roadxvorthy  trailer,  orifinally 
made  for  h(|nid  Ihiorino  scrx  ico,  has  hi'i'ii  modified  and 
mounted  to  tho  oast,  and  north,  of  tiu'  tost  stand  for 
slorafo  of  liquid  oxyfon  (Fif  29).  Tho  oxygon  tank  is 
concentrically  mounted  inside  a  liqniil  nitrogen  tank, 
which  in  turn  is  insulatcil  hy  a  xaemnn  jacket,  .'xvo 
Norolco  li(|uofior  units  reclaim  and  return  to  tho  system 
the  nilrofon  hoiloff,  A  translor  lino  connects  tho  oxygon 
storage  area  to  the  oxyfon  run  tank  at  tho  tost  stand. 

t.iipiid  nitroLtrn  .supplij.  largo  liquid  nitrogen  storage 
lank  (h'if  At),  2.‘)().0(K)- standard  -  It '  gas  capacity)  has 
hoon  inslallod  at  tho  F.dwards  Tost  Station  to  supiily 
liquid  nitrogen  lor  cooling  down  and  jacketing  oquip- 
monl  .il  Stand  (!  and  to  suppK  .  through  a  high  prossuro 
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Figure  28.  Liquid  hydrogen  storage  lank 
behind  barricade 


|)iiiii|)  .iikI  a  lii  al  I' t  li.inni  r.  liinli  picssmc  nitroijcii  nav 
wliii  li  IS  Msi'd  lliiiMi^lioiit  till'  station. 

Ihiilni'.’i  II  Lilly  I  oinpi iwiir.  Tlu'  lioiloll  Iroin  tlio  lji|iii(l 
liyilrom  ii  sloi.i^o  lank,  is  l  ollci  ti'il  in  '2  aci  iiinnlatoi  tanks 
anil  llirii  loniiiri  ssi'il  anil  slonil  in  liinli  prossnii'  i^as 
liiitlli's  Till'  liinli  pnssnir  IimIio^i'Ii  ^as  is  nsi'il  lor 
sii|ipl\  imssinr  in  tin-  liijiiiil  li\ ilioi;in  inn  l.ink.  I'lir 

slaui-  t  !oi  l ill'll  ili.iplii  aitin  l\  pr  l  oinpri'ssor  ( l•’il^  .'d  )  w  as 
SI'  li'i  li'il  I  ii'i  aiisr  il  iloi's  not  iiilroillirr  i  ont.nnin.ition  into 
till'  n.is  lii'iiii;  pninpi'il. 
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Figur*  31.  High  pr«t«ur«  hydrogen  gas  compressor 
with  low  pressure  inlet  accumulator  tanks 


liiti'(KliU'tioii  ()l  li\ .is  ,i  pr<i|><'ll.iiii  at 

till'  test  station  lias  rc<iuii'<'(l  llic  (It  s I'lopiiii'iit  ol  coin- 
pi'tciu'c  in  2  now  fields.  Ifoi.niso  ot  the  wide  intl.nn- 
inahilits  limits  ol  livdronon  with  ,iir  (  I  !  to  7 IV  hy 
volninoy  special  attention  has  h.id  to  he  niven  to  the 
detection  of  hydrogen  and  ol  lodronen  iiwi’eii  eomhusti. 
hie  mistnres;  means  used  to  pnrue.  evaeu.ite.  and  pump 
the  svstem;  and  dispos.ii  of  t'.iseons  wastes  thron^h  i-le 
\ated  stacks.  I.iipiid  h\(hiPi'en  most  he  ni.iintained  at  .i 
\er\'  low  temperature  (17  H'.  ie(|inrint;  estremeh  effi¬ 
cient  insulation  of  tanks  .md  lines  Hesides  the  intro 
dnction  to  low  densitv  pol\ iireth.ine  lo.im  insolation 
leclmolonv  ,  this  leiinirement  h.is  led  to  the  extensive  use 
ol  vacnmn  jacketing  lor  insol. ition.  .mil  to  procoii  nK  iit 
.md  tr.iininn  in  the  use  ol  Ini'll  vaeiiiim  |)ompini;  svsti  ins 
.md  heliimi-le.ik  detection  eipiipment. 

c.  PrcliniiiKirif  studies.  The  major  modifications  ol  the 
('-stand  area  have  heeii  completed  .md  most  ol  the  new 
e(|nipment  has  heen  proenred,  is  in  use,  or  is  hein.n 
cheeked  out.  d'liere  remains  .i  nnmher  ol  pielimin.iiv  stiiih 
and  experimental  projei  Is  In  he  perlorined  Iieloie  actual 
motor  tests  are  initialed.  These  pro)eels  ale  desiuned  to 
provide  calihr.ilion  inloniiation  .md  i  heekonl  on  insirii 
mentation  and  How  ineasinini;  s\  stems  oi  to  prov  ide 
inloniiation  and  design  dat.i  ahoiil  eipiipmeiil  and  com 
ponenis  which  will  he  needed  helori'  lh<’  motor  firiiii; 
tests  henili.  \t  the  s.ime  lime  the  pieliminarx  tests  will 
develop  lamiliarilv  with,  and  serve  as  proof  tests  ol,  the 
ma|or  siihsvsienis  which  h.ive  heen  iii-vvlv  mslalled  in 
the  lest  stand  are.i. 


Injfcldr  (■Icmciit  study.  'The  recently  coni|)leted  work 
with  (Hl'’,-N'  11,  involved  develo])ment  of  a  cup  and 
pints,  injector  element  for  nsi  in  miillieli'inent  injec¬ 
tors.  'This  injector  element  is  helieved  to  he  ai)i)licaf)le 
to  all  types  of  proiiellants,  and  will  he  incorporated  in 
some  ol  the  injectors  heiiij;  made  for  the  I.lT.-l.O,,  pro- 
(i^rani.  hasically,  the  injector  element  involves  the  deflec¬ 
tion  ol  streams  of  propellant  to  form  alternate  interleaved 
thin  sheets  ol  i>ropellant,  with  some  mi.xinj'  ol  side  sprays 
within  the  protected  I'onlines  ol  the  cup.  Most  of  the 
mixinj'  occurs  hy  mass  transfer  hetween  the  sheets  ol 
propellant  as  the  sheets  proceed  down  the  comhnstion 
ch.imhi'r.  The  original  injector  element  involved  2  rows 
ol  holes  drilled  at  anj'les  ol  •  .'}()  de^  to  the  axis  ot  the 
element,  it  was  desired  to  sini|)lif\  the  fahrication  ol 
this  element  hv  drilling  the  orifice  holes  parallel  to  the 
axis  ol  the  elemeiil  and  making  simirle  changes  in  the 
dellection  soil. lies,  A  water  test  model  was  desif'lied 
and  l.ihricated  and  sever.il  modified  dellection  surfaces 
Were  investin.ited  without  .ichievinj'  the  desired  results. 
\  vv.iler  test  model  similar  to  the  original  (HK-.N.II. 
injector  element,  hut  adjusted  in  si/e  to  fit  the  Idf.-hO.. 
m)<'ctor.  vv.is  m.ide  to  j;ive  a  satisl.ictorv  sprav  pat¬ 
tern.  I'.ihric.ition  ol  .in  injector  iisiiiK  this  element  is 
proi  I 'ediniL;. 

Iisnili  r.  The  hydroKeii-oxv  j'en  |)ropell.int  conihination 
's  not  hvpernolie,  hut  the  electric  spark  ii'iiition  has  heen 
loiind  s.itisl.ii  torv .  .\  decision  vv  .is  m.ide  to  use  a  low 
tension  (2(KK)  V  '  i>;mtion  svsteni  nsinn  ,i  semiconductor- 
tvpe  iiinition  pinv;.  It  is  essential  that  .i  properlx  mixed 
,i;.is  he  |)resent  where  the  igniter  is  opel'.lted,  and  also 
lh.it  there  he  no  llashhaek  into  the  nianilolds,  or  oxi'r- 
he.itmi;  ol  the  s))aik  phii'.  .\  lest  ignition  torch  has  heen 
hmll  to  ex. inline  the  perlorm.ince  ol  the  system  helore 
It  IS  hmll  into  .in  in|eclor.  Tests  will  he  made  iismj; 
U.iseons  livdrojL’en  .md  oxvjjen. 

iliui  tnctcr  (alihralidn.  T'low  rates  of  the  propellants 
are  to  he  metered  and  controlled  hv  cavitatini’  venturis 
at  the  hottoins  of  the  propellant  lank  standpipes.  These 
veiilnris  have  heen  c.ihhrated  in  .i  vv.iler  svsiem.  hot 
calihralion  to  a  higher  Hex  nolds  ninnher  is  reipiired. 

l. iipiid  nilronen  calihration  c.in  he  accomiilished  at  hijih 
How  r.ile  and  hinh  |iressiire  hv  ntili/in,H  the  2  propellant 
rnn  tanks  and  disiilacin.i;  the  liipiid  nilroi’en  from  1  to 
the  other  throne'll  a  line  containim;  a  w.iler  calihraled 
Inrhine  tvpe  How  meter  ol  the  appropriate  ranne.  The 
over  all  error  ol  sneh  .i  calihralion  mav  approach  •  .'1  or 
T.,  hill  this  will  have  to  he  .iccepled  m  order  to  pi. ice  the 
svsiem  into  initi.il  operation  and  until  properlx  c.ilihr.ited 

m. iss  How  meters  can  he  ohiained. 
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Seal  and  component  tests.  Low  temporature  affects  the 
operation  of  components,  and  it  is  important  that  problem 
areas  be  identified  to  avoid  serious  trouble.  A  particular 
problem  is  that  of  making  mechanical  joint  seals  which 
remain  tight  at  low  temperature.  A  small  test  chamber, 
8  in.  in  diameter  and  12  in.  long,  has  been  fabricated. 
Components  placed  within  the  chamber  can  be  cooled  by 
contact  with  a  coolant  coil  after  the  surrounding  space 
has  been  evacuated;  then  the  component  can  be  pres¬ 
surized  or  actuated  with  helium  gas,  and  leakage  of 
helium  into  the  vacuum  space  can  he  monitored  with  a 
leak  detector.  A  lightweight,  2-in.  pipe  flange  (of  JPL 
design),  and  several  commercia'  seals  are  ready  for 
testing. 

Temperature  transducer  calibration.  Low  temperatures 
will  be  measured  with  tungsten  wire  resistanc'e  elements 
and  with  copper-constantan  thermocouples.  In  order  to 
permit  comparison  of  these  transduct'rs  and  to  check 
calibration  at  a  few  points,  an  insulatt'd  vessel  having  3 
identical  transducer  wells  has  been  fabricated.  This  vesstd 
can  he  filled  with  any  of  the  cryogenic  fluids,  and  the 
boiloff  vapor  pressure  can  b<‘  adjusted  to  obtain  a  range 
of  the  corresponding  saturation  temperatures  of  the  fluid. 

d.  Motor  test  program.  The  engin(*ering  study  and 
preparation  for  the  LH..-LO-  motor  t«*st  program  includes 
the  following  efforts: 

Physical  property  data.  Literature  is  being  surveyed 
for  what  ai  pears  to  be  the  most  reliable  values  of  the 
following  properties;  density,  viscosity,  thermal  conduc¬ 
tivity,  specific  heat,  enthalpy,  and  entropy,  as  functions 
of  pressure  and  temperaturt*.  Tlu‘  foot,  second,  pound- 
force,  slug-mass,  degree  Rankin  unit  system  has  b«*en 
selected  as  standard  for  all  calculations,  and  where  the 
property  data  cannot  be  c-onveniently  put  into  these  units, 
the  appropriate  conversion  factors  are  being  apptmded  to 
the  data.  The  collected  data  will  serve  as  a  common 
standard  for  measurements,  calculations,  and  transmi-ssion 
of  information  by  all  personnel  working  on  the  LH^.-LO, 
program. 

Heat  transfer  calculations.  Th<'  h<'at  transfer  character¬ 
istics,  wall  temp<>rature,  and  coolant  conditions  of  an 
existing  6000-lb-thnist  (vacuum)  welded-rib  thrust  cham¬ 
ber  (originally  designed  for  use  with  the  N..O,— N-.H, 
prop«'llant)  liav»-  been  computed  for  the  LH,-L();  pn)p<'l- 
lant,  using  hydrogen  as  the  cfwlant.  Gas-side  heat  transfer 
was  computed  using  the  enthalpy  potential  metluKl 
described  in  Refer«-nee  14.  The  performantx-  of  licpiid 
hydrogen  as  a  coolant  at  suiiercritical  pressure  was  txim- 
puted  by  the-  method  descrilwd  in  Reference  15.  T1m*s«' 
calculations  show  that  for  operation  at  1.5()-])si  chainiH-r 
pressure  and  a  mixture  ratio  of  5.0  (approximately  42(K)- 


Ih-thrust  at  sea  lev'*l  for  the  version  of  the  motor  with 
an  exit  area  ratio  of  3.5),  the  motor  wall  temperatures  are 
high  enough  to  make  satisfactory  operation  questionable. 
Further  calculations  are  to  be  made  to  establish  the 
reejuirements  for  water  cooling  of  the  existing  thrust 
chambers  and  to  establish  the  coolant  passage  modifica¬ 
tions  required  if  similar  thrust  cha  hers  are  to  be  built 
to  cool  with  hydrogen  when  operated  at  chamber  pres¬ 
sures  from  50  to  300  psia.  An  estimate  will  also  be  made 
of  the  transient  temperature  rise  to  be  expected  in  the 
wall  of  an  uncooled  thrust  chamber  duplicating  the  inte¬ 
rior  configuration  of  the  cooled  motor. 

As  indicated,  the  test  stand  modifications  have  been 
completed  (with  the  exception  of  1  length  of  high 
pressure,  vacuum-jacketed  propellant  line  which  has  been 
returned  to  the  vendor  for  repairs);  flowmeter  calibration 
and  component  testing  are  underway.  Initial  component 
tests  and  system  checks  will  be  made  using  liquid  nitro¬ 
gen  as  a  working  fluid  and  as  a  refrigerant.  The  system 
will  ready  for  liquid  hydrogen  during  January  1962, 
and  rocket  motor  tests  should  start  soon  thereafter. 

Several  welded-rib  cooled  thrust  chambers  are  availa¬ 
ble  for  the  test  program  which  can  be  used:  (1)  for  low 
mixture  ratio  tests  (r  less  than  5)  at  150-psi  chamber  pres¬ 
sure,  (2)  at  a  later  time  for  tests  at  300-psi  chamber 
pressure,  or  (3)  with  water  c'ooling  over  the  entire  range 
of  useful  mixture  ratios  and  at  chamber  pressures  up  to 
300  psia.  Several  uncooled  combustion  chambers  and 
nozzles  are  on  hand  for  short  duration  tests  to  prove  the 
system  b«*fore  the  more  costly  cooled  thrust  chambers  are 
used.  Injectors  of  the  multielement  cup  and  plug-type 
previously  (h'seribed  are  being  fabricated  for  use  with 
both  the  cooled  and  the  uncooled  thrust  chambers.  Injec¬ 
tors  of  the  concentric  stream  showerhead  and  the 
impinging  stream  types  are  also  being  considered  for  use. 

4.  Powr  ffvocfort 

Research  is  being  conducted  into  fuels  to  be  used  in 
udvanci'd  power  reactors.  The  reactors  are  anticipated 
for  long-range,  nuclear-electric  spacecraft  missions  requir¬ 
ing  thermal  outputs  of  10  mw  for  time  periods  of  2  to  3 
years. 

Investigations  show  that  a  molten  fuel  reactor  employ¬ 
ing  707  I’F,.  and  .307  sodium  fluoride  will  have  approxi¬ 
mately  the  same  weight  as  a  solid  fuel  reactor  limited  to 
an  average  biirnup  of  30,000  mwd/t.  Both  reactors  will 
xxxMgb  in  the  neighborhood  of  350  kilograms  for  core 
volume  fractions  of  0.6  fuel,  0.3  coolant  (lithium)  and  0.1 
structure  (/irconium).  The  assumed  .solid  fuel  burnup 
performance  appears  to  be  within  the  capability  of  solid 
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fuel  elements;  however,  an  average  burnup  of  more  than 
30,000  mwd/t  in  an  operating  high  temperature,  high- 
power-density  space  power  reactor  cannot  bt?  prtnlicted 
with  confidence  at  this  time.  If  the  solid  fuel  is  assumed 
to  he  uranium  carbide,  the  high  fuel  density  of  this  com¬ 
pound  yields  a  significantly  smaller  core  than  the  molten 
fluoride  fueled  reactor  (approximately  49  vs  35  liters). 
Since  payload  shield  weight  must  bt*  minimized,  the  low 
fuel  density  of  the  fluoride  fuel  is  definitely  undesirable 
(although  not  completely  prohibitive).  For  this  rea.son, 
additional  nonstriictiiral  fuels  are  under  investigation 
which  possess  high  fuel  density  and  the  ability  to  pr«)vide 
high  burnup. 

5.  Corrosion  of  Liquid  Mutals 

A  Liquid  Metals  Corrosion  Program  has  Ix'en  initiated 
by  the  energy  sourc-es  group  to  determine  tht>  c-ompati- 
bility  of  various  container  materials  with  liquid  potassium, 
lithium,  c'esium  rubidium,  indium,  uranium,  uranium  car¬ 
bide,  lithium  fluoride  and  uranium  fluoride. 

CoIumbitim-lZr,  tantalum  lOW,  R33  alloy  and  B77 
alloy  (VVestinghouse  EU>ctric  Company)  will  be  evalu¬ 
ated  for  simple  solution  corrosion,  alloying  bt'twiHm 
liquid  metal  and  solid  metal,  inter-granular  penetration, 
and  temperature-gradient  mass  transfer  at  2200"F. 

Static  and  dyna..iic  corrosion  and  mass  transfer  mecha¬ 
nisms  are  to  be  investigated  in  6  tilting  fumac'cs  capable 
of  tilting  45  d<‘g  from  tiu'  horizontal,  from  0  to  4 
cycles/min. 

Test  capsules  will  he  .n  an  argon  atmosphere  and  instru¬ 
mented  at  the  hot  and  cold  ends.  An  inert  atmosphere 
chamber  (capable  of  attaining  10  "  mm  Hg)  will  be  used 
for  test  capsule  construction,  liquid  metal  fill,  and  loop 
construction. 

A  .30  kw  (thermal),  lithium-boiling  potassium  loop  wiM 
be  constnicted  from  Cb-lZr  and  enclost'd  in  an  inert 
atmosphere  chamber.  This  l<K)p  will  op»Tat«’  at  the.se 
conditions: 


Material 

1 

Flow  rat<‘. 

Tempera  fure, 

Pressure, 

gal/min 

OF 

psig 

Lithium 

1  to  10 

2200 

Up  to  20 

Potassium 

Otol 

1500  to  2000 

200 

In  addition  to  obtaining  liquid  metal  corrosion  and  heat 
transfer  data,  the  following  components  are  to  be  devel¬ 
oped  and  operated  at  loop  temperature  for  periods  up  to 
10,000  hr. 

(1)  A  liquid  metal  centrifugal  0  leakage  pump  capable 
of  pumping  lithium  at  2200"  F  up  to  10  gpm  at 
100  ft  total  dynamic  head,  constructed  of  Cb-lZr. 

(2)  Two  liquid  metal  swing  gate  valves  for  2200°F 
lithium  and  potassium  service,  constructed  of 
Cb-lZr. 

(3)  An  electromagnetic  flow  meter  for  2200°F  lithium 
flow  measurements. 

(4)  A  Cb-lZr  btdiows  to  be  statically  testi'd  in  lithium 
at  22(K)"  F  for  .500  cych>s. 

(5)  A  Cb-lZr  diaphragm  for  pressure  measurements 
at  2200"  F  for  lithium  and  potassium  service. 

(6)  Three  boiler  designs  for  loop  operation  at  loop 
design  conditions. 

(7)  Potassium  vapor  separator. 

(8)  Instrumentation  techniques  for  the  measurement 
of  boiling  potassium  tempi*ratures  in  a  single  tube 
potassium  boiler. 

(9)  A  fission  gas  vent  capable  of  venting  fission  prod¬ 
ucts  while  containing  core  fuel  will  be  investigated 
and  tested. 

In  addition  to  the  above,  long  time  (10,000  hr)  creep-to- 
rupture  strength  will  be  determined  for  various  container 
materials  for  reactor  servict*. 
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III.  Sijncom 


I .  /Mission 

The  Goddard  Space  Flight  Center  (GSFC)  formally 
undertook  Project  Syncom  in  August  1961.  Tfu-  objectivt- 
is  to  provide  narrow  hand  communications  with  a  light¬ 
weight  Earth  satellite  in  a  24-hr  orbit.  A  3-stage  Thor- 
Delta  vehicle  will  boost  the  spacecraft  into  an  elliptical 
transfer  orbit  with  the  apogee  at  synchronous  altitud<-. 
A  solid-propellant  rocket  motor  in  the  .satellite  will  b«‘ 
fired  at  apogee  to  give  the  satellite  near-synchronous 
velvK-'ity.  A  combination  of  hydrogen  ps-roxide  and  nitro¬ 
gen  gas  jet  systems  c-ontrolled  from  the  ground  will  Ik- 
used  to  position  the  .satellite  at  the  proiier  longitude'  and 
orient  it  to  the  proper  attitude. 

The  most  nearly  adaptable  on-the-shelf  motor  is  a 
13.5-in.-diametcr  spherical  rocket  motor,  containing  67  lb 
of  propellant  in  its  present  configuration.  The  motor  is 
designated  TE345  and  was  developed  by  the  Thieekol 
Elkton  Division.  This  motor  will  have  to  b<'  modifiwl  ami 
off-loaded  to  the  mission,  and  is  generally  limitenl  in  its 
capability  for  this  application.  GSFf’  has  implemented  a 
dual  program  by  adapting  the  TE34.5  and  requesting  JPl- 
to  develop  a  high  p<>rformance  motor  optimiwd  f<»r  the 
mission.  This  motor  will  provide  a  significant  payload 
weight  margin,  and  will  be  capabh*  of  off-loading  within 
reasonable  limits  to  accommotlate  more  optimi/.ed  fra- 
j<-ctories  and  orbits. 


2.  Apo^M  Rocktf  Motor  Dosfgn 

Tile  Laboratory  has  completed  the  detailed  design  of 
the  rcK-ket  motor  which  is  cylindrical  in  shape,  with 
oblate-hemispherical  ends,  using  a  conical  nozzle  with 
a  subm»'rg«‘d  "ntranct'  and  throat  (Fig  1).  The  grain 
jx'rforation  is  conical  except  at  the  head-end  web  which 
has  star  (xrints.  The  case  material  is  AIS1410  stainless 
steel,  fabricated  of  sheet-metal  construction.  The  major 
motor  characteristics  are  shown  in  Table  1. 

A  sketch  of  the  motor  inewporated  into  the  Syticoni 
.satellit«'  is  shown  in  Figure  2.  When  cast  in  its  off-loaded 
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Figure  1 .  JFL  Syncom  apogoo  motor 
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Table  1.  Esiimated  vacuum  performance  of  tO*F 
propellant"  temperature 


PoraiMMr 

Vohw 

Av«rag«  Ihruil,  lb 

1030 

Av«rog«  ptio 

200 

AcIIqr  tiin*,  iGC 

20 

Prop«Monf  ip«cific  impvli*.  Ib-i«c/lb 

213 

Noitl*  tuppntien  rotie 

35 

Proptliont  wpighi  (inoximum  looding)<  lb 

62 

Iniliol  motor  moii  rolio 

0.90 

•r  opMlanl:  SYN-3  .  AP/«4%.  PU/20%,  Al/U%. 

condition,  the  motor  will  impart  4850-ft/sec  velocity 
increment  to  a  satellite  weighing  125  Ih  initially,  resulting 
in  a  minimum  bum-out  payload  (less  motor  hardware)  of 
64  lb.  Loaded  with  the  maximum  amount  of  prop<‘llant 


possible,  the  motor  will  impart  6090  ft/sec  velocity  to 
the  same  initial  weight  of  satellite,  resulting  in  a  minimum 
burn-out  payload  (less  motor  hardware)  of  54.7  lb.  The 
latter  mission  would  provide  a  less-inclined  orbit  than 
the  former,  dependent  on  the  boost  vehicle  capability  and 
trajectory.  Alternatively,  the  fully  loaded  motor  will 
deliver  4850  ft/sec  to  an  initial  satellite  weighing  147.6  lb 
with  a  bum-out  weight  of  77.3  lb  (less  motor  hardware). 


3.  Davafopmonf  Program 

The  program  is  scheduled  for  a  flight  date  in  the  last 
quarter  of  1962,  resulting  in  a  tight  development  schedule. 
Design  work  was  initiated  in  October  1961,  and  all  test¬ 
ing  is  expected  to  be  completed  1  year  later.  Six  heavy- 
wallt'd  motor  tests,  16  development-type  firings  with  the 
flight-weight  cases,  and  21  qualification  tests  of  the  fiight 
configuration  will  he  accomplished.  Included  in  the  21 
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Figur*  2.  Pruliminary  assumbly  of  JPL  apogoo  motor  in  Syncom  satollilo 
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qualification  rounds  will  be  2  spin-fired  motors  and  8 
motors  tested  at  the  Arnold  Engineering  Development 
Center. 

The  propellant  formulation  has  been  selected  and  is 
now  being  characterized  for  its  ballistic  and  physical 
properties.  It  is  a  20%  polyurethane,  64f  ammonium 
perchlorate,  16X  aluminum  powder  additive  propellant. 
One  of  the  significant  advanced  features  of  the  motor 
design  is  the  relatively  low  chamber  operating  pressure 
which  allows  a  lightweight  case  design.  However,  investi¬ 
gation  has  revealed  that  unstable  burning  or  chuffing  may 
occur  for  any  given  propellant  at  well  defined  starting 
pressures  and  port-to-throat  ratios,  with  the  doubtful 
areas  of  operation  occurring  at  low  chamber  prt'ssures 
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and  low  initial  port-to-throat  ratios.  Accordingly,  a  task 
has  been  undertaken  to  determine  the  behavior  of  this 
propellant  with  tests  being  conducted  with  partially  sub¬ 
merged  nozzles  to  fully  simulate  the  final  Syncom  motor 
design. 

An  igniter  squib  is  being  developed  which  will  meet 
the  more  severe  RF  radiation  safe  requirements  recently 
suggested  by  the  Air  Force  Missile  Test  Center.  The  goal 
is  to  provide  a  squib  which  will  not  fire  as  a  result  of 
applying  1  w  of  direct  current  power  for  5  min  and  the 
application  of  1  amp  direct  current  for  5  min.  The  squib 
detailed  design  and  fabrication  will  be  done  by  an  outside 
contractor,  and  qualification  and  acceptance  will  be 
accomplished  at  JPL. 
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